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The object of this Yolume, as its title implies, is to describe 
the various analytical operations which are required in Gas- 
works. 

In order to make it useful to those who may not have the 
opportunity of access to other works on analysis, the general 
operations incidental to the carrying out of analytical 
operations are described in detail, and further, as a means 
of assisting those who are dependent on self study, the 
methods of analysing certain substances obtainable in a 
perfectly pure state, and consequently having an established 
composition, arc minutely described ; these examples are 
chosen, as being typical of the more commonly occurring 
analyses required in Gasworks, as they involve the same 
methods of manipulation. By comparing the results obtained 
in the analysis of these simple substances with the figures 
demanded by theory, the operator can satisfy himself as to 
his competency to perform the same operations when they 
occur in the estimations required in his daily work. 

For example, the analysis of barium chloride serves as 
a type of the methods of manipulation necessary in the 
determination of sulphur in coal, coke, and gas, and in 
ascertaining the accuracy of the solutions employed in the 
Beferees' Ammonia Test, &c. ; the estimation of calcium serves 
as a type of the analysis of lime ; and so on. 

The subject matter has been arranged as follows : — 

Part X treats of various preliminary opQTatioii& ixfcCife^^T^ 



Vi THE GAS engineer's LABORATORY HANDBOOK. 

in quantitative work, such as tlie use of the balance, the pre- 
paration of substances for analysis, the ordinary operations 
employed in analysis, &c. 

Part II. describes the method of estimating gravimetri- 
cally certain pure substances which are typical of the more 
commonly occurring analyses required in Gasworks. 

Part III. gives an account of various operations con- 
nected with volumetric analysis, a description of the vessels 
employed for measuring liquids, and the method of calibrating 
the same ; some simple volumetric processes applicable to gas 
testing being afterwards described. 

Part IV. describes the more complex determinations 
required in Gasworks, some being gravimetric, others volu- 
metric, while some embrace both methods. These include 
complete analysis of coal, fresh and spent purifying material, 
(lime, oxide of iron and Weldon Mud), ammouiacal liquor, 
sulphate of ammonia, fire bricks and clay, tar, crude gas for 
CO2, SHj and NH3, and purified gas for NH3 and sulphur 
compounds. 

Part y. treats of technical gas analysis, analysis of ooal 
gas, furnace gases, &o. 

In the Appendix a variety of tables of use in gas testing 
will be found. 

In a book of this description there is not much scope 
for originality, and my work has principally consisted in 
collecting together, and arranging in a convenient and easily 
accessible form, the scattered literature dealing with the 
various subjects treated on, and in explaining by means of 
numerous practical examples the chemical reactions and 
calculations upon which the various tests depend. 

I am greatly indebted to the excellent text- book on 
* Quantitative Analysis ' by Prof. Clowes and Mr. Coleman, 
which is published by Messrs. J. & A. ChurchilL Many of 
the engravings and descriptions of analytical methods and 
processes have been, by permission, copied from that treatise. 
Be^renoe may with advantage be made to Messrs. Clowes 
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and Coleman^B work for additional methods, as well as for 
fuller details concerning many of the processes included in 
my text. 

I have also derived considerable assistance from the 
treatise on ' Quantitative Analysis ' by Prof. Thorpe, pub- 
lished by Messrs. Longmans & Co. This is also well suited 
for general reference. The description of Hempel's Gas 
Apparatus and its applications is taken, by permission of 
Messrs. Macmillan & Ca, from Hempel's ' Gas Analysis,' 
translated by Dennis. The last mentioned work should be 
consulted for fuller details, and for a description of Gas 
Analysis generally. 

In addition to the above, the following works, which have 
also been consulted, will give further information on some 
of the subjects treated on : — 

Sutton's * Volumetric Analysis.' 

Allen's • Organic Analysis.' 

Streatfield's * Organic Chemistry.' 

Cohen's * Organic Chemistry.' 

Arnold's * Ammonia and Ammonium Compounds.' 

Lunge's ' Tar and Ammonia Distillation.' 

Hartley's * Ammonia Liquor Tests.' 

Winkler and Lunge's ' Technical Gas Analysis.' 

Lunge and Hurter's * Alkali Maker's Pocket Book.' 

* The Journal of the Society of Chemical Industry.' 

* The Journal of Gtwlighting.' 

J. H. 
Gaswobes, Beckton : July 1893. 
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PAET L 

SECTION I. 

INTEODrCTORT — ^THB BALANCE — ^WEIGHTS AND WEIGHING. 

The chemical work of a gasworks laboratory chiefly con- 
sists in the quantitative determination of various substances 
whose composition is already known. The gas engineer is 
therefore principally concerned with " quantitative " analysis. 

By "quantitative" analysis is meant that branch of 
practical chemistry which treats of the methods by which 
are determined the relative amounts of the constituents of 
a body, " qualitative " analysis simply informing us of the 
nature of the constituents, and how they may be separated. 

The methods of quantitative analysis are divided into 
two branches, gravimetric and volumetric analysis. 

By gravimetric analysis is meant the estimation of a 
substance by converting its known constituents into forms 
or combinations which admit of the most exact determination 
of their weight, and of which the composition is already 
accurately known. 

By volumetric analysis is meant the method of deter- 
mining the quantity of a substance (in solution) by the use 
of a measured volnzae of a reagent of known &ti€ii^\k« 
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Tlie Balance. 

1. The first essential for the correct performance of 
gravimetric analyses is the balance, which for carefol 
quantitative work should turn easily and quickly, without 
too much oscillation, to -j^g^ of a milligram, or ^^ or -^^ oC 3 
a grain, when 50 or 60 grams, or 1000 grains, are placed oii'^u 
each scale-pan. 

Fig. 1 shows one of the forms of this instrument. It 
consists of a perforated brass beam, suspended at the centre 
on a triangular piece of haHened steel or agate termed i 
" knife-edge," which oscillates on a polished plate of agate* 
fixed on a braKs support. At each end of this beam, is fixed 
a similar knife-edge of steel or agate, on which rest two - 
agate plates, imbedded in brass settings. From each of ' 
these a hook depends, to which the pans are attached by ! 
light wires or thin straps. Figs. 2 and 3 give enlarged ; 
views of these terminal knife-edges and planes. When the : 
instrument is not in use, the beam rests upon a frame ^ 
connected with a rod which descends through the pillar of 'i 
the balance, and which can be raised or lowered by an 
eccentric. The same movement also lifts up the plates .* 
connected with the pans, so that the knife-edges and agate i 
planes are only in contact when the balance is oscillatixig* 
A second eccentric, connected with two bent levers, raises or 
depresses a support under each of the pans, so that they losj 
be kept stationary whilst their load is being placed on them, '.J 
or their vibrations arrested before the beam is lowered dom .»! 
on the centre plate. In some balances, all these movementj^ : ] 
are so connected that a single turn of the eccentric finit.^ 
rapidly releases the supports of the pans, then gently lowers -t 
the beam upon the centre knife-edge, and finally drops the ' 
pan suspensions upon the terminal knife-edges. By these 
arrangements the durability of the instrument is greatly 
increased. 

To the beam is attached a long pointer, moving in front 



oF a graduated ivory scale fixfed to the pillar of ihe balance. 
This renders viiiible the slightest oscillations of the beam. 




4S^, 



J long as the iTistniment is in equilibrium, ths pointer 
Ugs perfectly vertical, and opposite to the centre (zem) 
Int of the scale, or it osoiUatea oyer an e<\'as.\ ■Ko.tt&fct -ii 



4 THE GAS engineer's LABORATORY HANDBOOK. 

divisions on each side. The least preponderance on one side 
is indicated by a permanent deflection of the pointer from 
the zero, or by its vibrating through an unequal number of 
divisions on either side of the zero point. If from any cause 
the instrument itself is not in equilibrium, it may be 
adjusted by means of a little movable vane fixed on the top 
of the beam, by moving which, either to the right or to the 
left, the preponderance may be counterpoised. In some 
balances, in which the pans are suspended by a simpler 
method, this adjustment is effected by means of a little 
milled-head screw travelling along a thread. Fig. 3. 





Fig. 2. 



Fig. '6, 



The accuracy of the balance depends (1) upon the equality 
of its arms, (2) upon the position of the point of support in 
relation to the centre of gravity of the instrument, from 
which also follows (3) that the points of suspension and 
support must be in the same plane, and (4) that the beam 
must be perfectly rigid. 

The sensibility of the instrument depends (1) upon the 
freedom from friction of the knife-edges and planes, (2) upon 
the near approximation of the centre of gravity of the 
instrument to its point of support, and (3) upon the lightness 
of its beam. The relation of the centre of gravity to the 
point of support is, of course, adjusted as accurately as possible 
by the balance-maker, but by means of a small weight 
(termed a gravity bob) working on a thread, it may be 
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altered at pleasure, and the stability of the balance thus 
regulated. 

On account of the injurious effects of acid fumes and 
moisture, which rapidly impair the delicacy of a balance, 
the instrument is enclosed in a wooden case, having counter- 
balanced sliding glass sashes at the front and back. The 
case stops the entrance of dust, diminishes the rusting of the 
knife-edges, and prevents air-currents from acting upon the 
scale-pans during the process of weighing. The balance- 
case is supported on levelling screws, by which it can be 
adjusted to a perfectly horizontal position by means of a 
spiiit-level. 

The balance, if possible, should be kept from acid fumes, 
and, as a further precaution, a shallow vessel containing 
dried carbonate of potash or quicklime should be placed in 
the balance-case, being renewed when it becomes deli- 
quescent by the absorption of moisture from the air. It is 
further necessary that the balance should be placed in a 
position free from extremes of temperature, and its support 
should be quite free from vibration. 

The Weights. 

2. The weights generally employed in chemistry are 
those of the French or metric system, of which the gram is 
the unit ; in the chemical operations incidental to gasworks, 
however, it is often necessary to use weights based on the 
English grain. 

The metric system is in every respect the most con- 
venient, for the following reasons : — (1) that the unit is 
extremely small; (2) that the different denominations in 
weight being related by multiples and submultiples of ten, 
they fit in with the system of numerical notation in general 
use, and consequently make chemical calculations more simple; 
and (3) that it bears a very simple relation to the measures 
of capacity and length. 
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wi-fgliln are alwuyii to lie lifted, never on any account being 
tuuubud by the ttunisn. 

Tlw gnm woig)itB down to one gram, and the graitt' 
w«ighta down to ten grains, are generally made of bnuSi, 
cyUudrtcal in itliupe, and provided witb handles for liftin|^ 
by the furcoiM. The lower weights in both ayatems 
usually Diade of platinum or aluminium foil, one corne 
each being turned up for holding in the forcepa. 

3. Accompanying the weights are the riders. The rid«; 
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is a piece of fine wire bent ajs in Fig. 5. It is generally 
made either of gilt brass or of aluminium wire, and by reason 
of its form it is capable of ** sitting " across the balance, and 
remaining on whatever part of the beam it may be placed. 
The object of the rider is to weigh the lowest fractions, such 
as milligrams and tenths of a milligram, and hundredths 
and thousandths of a grain. The rider in the metric 
system weighs one centigram, and in the grain 
system a tenth of a grain. The arm of the beam of 
the balance, from the centre to the terminal edge, is 
divided into ten equal parts, and each of these is 
(generally) further subdivided into five equal parts. « r 
The centigram rider, when placed just above the ter- 
minal knife-edge of the beam, weighs its normal weight of one 
centigram, or 10 milligrams ; when placed on a point on the 
arm exactly in the middle of the two knife-edges it exerts 
only half this effect, that is to say, it is now equal to 5 
milligrams ; when placed at a fourth of the distance from the 
centre knife-edge it is equal to 2*5 milligrams; at three- 
quarters the distance 7 * 5 milligrams, and so on. The rider 
is moved from one division to another by means of an arm 
passing through the balance-case, and operated from the 
outside. 

Testing the Balance and Weights. 

4. Before commencing a course of quantitative work, it is 
necessary to test the accuracy of the balance, which may be 
done by means of the following experiments : — 

(a) The floor of the balance is first of all brought to the 
horizontal position, by the aid of the levelling screws and 
spirit-level ; it is then accurately adjusted, if necessary, either 
by the regulating screws, or by means of pieces of tin foil, 
and a milligram weight placed in one of the scale-pans. A 
balance adapted for every-day work should turn very dis- 
tinctly with this weight, whilst one adapted for delicate 
determinations should indicate the -^ of a imi^i^£^\si ^Nilsi 
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difltiDctneH. It may be here poioted oat, that the n 
nf the itidox neeille poiating to zero on the scale, is i 
mfticiont to prove that the balance is in eqailibriom. 
bettor plan i» to observe the osoUlfttions of the pointer, m 
oati, if neceseary, be caused to vibrate bj moving the I 
near one of the aoale-pans, bo aa to create a slight c 
air. The pointer ahonld then traverse very nearly the « 
wpaoe on eaoli side of the zero mark, traveiiing a leeaer c 
lanoo witli each oscillation, and finally atop at the zi 

(fc) Both scale-pans are loaded with the maximu; 
the l>alance is cumitruoted to carry. The instrnment is 
accurately adjusted, and a milligram added to the weig 
one of the sosle-pans. This should oaose the balance t 
oscillate tonhoiit the sameestentasin (a), butiathomajori^fl 
of oases it is somewhat less. 

(it) The btLlanoe is accurately adjosted (in the event of i 
Iveing necessary to bring the scale-pans into equilibrium 1|| 
ftdding tin foil to one of them, this tin foil mui^t be left q 
the scale-pan during the experiment) ; both pans are thd 
equally loaded with,Bay,fiO grams each, the balance, if neoa 
sary, being again adjusted (by adding small weights) ; tli» 
load on the two pans is then reversed, so as to transfer that 
of the right-hand pan to the left-hand, and vicever»a. If tl 
balance has perfectly equal arms it should maintain i 
ftbsoluto equilibrium. 

(d) The balance is again aocurately adjusted ; it is thea 
arrested, and afterwards set in motion again, the i 
operation being repeated several times. A good balanoK 
should always resume its original equilibrium; faaltjR 
construation of the knife-edges will cause difl'erences toi 
appear. 

(fl) The speed of oscillation of the index pointer should bft 
observed, for the slower the needle oscillates, the greater iK 
the sensitiveness of the balance to small diSerenees of weighs 
and vice vergd. It should not oscillate too slowly however, 
or it will cause the proceBS^^of weighing to become weariBom^j 
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The oscillatioiis are slower the nearer the centre of gravity of 
the beam approaches the axis of its suspension. 

5. The weights should be tested in the following manner 
to see if they agree among themselves. 

One pan of the balance is loaded with a 1-gram weight, 
and then counterbalanced with small pieces of brass, and, 
finally, tin foiL The weight is then removed, and replaced 
by another 1-gram weight, any difference being noted ; the 
remaining gram weight is then treated in the same manner. 
The 2-gram weight is then weighed against two single 
1-gram weights, the 5-gram weight against three single 
gram weights, and the 2-gram weight, and so on. In com- 
paring the smaller weights among themselves in this manner, 
they should not show the least difference on a balance turn- 
ing with -^ milligram. 

The Process of Weighing. 

6. There are two methods for determining the weight of 
a substance— the direct method, and the method of substitu- 
tion. 

When weighing a substance by the direct method, the 
substance is placed upon one scale-pan, preferably the left, 
and the weight required to counterpoise it upon the other. 
Owing to this method being the more expeditious of the two, 
-it is the one commonly employed. If, however, the balance 
is not in perfect equilibrium, or the arms of the beam are of 
unequal length, the true weight is not obtained by this 
method. This is of no consequence in ordinary analytical 
operations, since, in any one series of weighings, it is the 
relative weights only of the different substances which are 
commonly required, and these will be correctly obtained, 
provided the different substances be placed always upon the 
same scale-pan, and the condition of the balance does not 
undergo any alteration between the successive weighings of 
the series. 



10 THE QAS engineer's LABORATORY HANDBOOK. 

7. In (ho proceaB of weighing by Bubslitntion, both tl 
relative and abaolute weights of ttuhstances are obtained. ] 
thia method, the Bubstanoe is counterpoised by weights in tl 
nsnal way ; it is then removed from the eoale-pau, weight 
being substituted in its place exactly balancing those alread] 
placed in the opposite scale-pan. The weights substitut* 
for the Bubhtance will then represent the true weight of th 
substance. Operating in thia way, it woald not make anj 
difference if the arms of ttie balance were not of equal length 
or if the equilibrium of the instrument had not previonsl] 
been adjusted. 

8. The volume of the body weighed is almost invariabl] 
different frum that of the weights which counterpoise it 
consequently different volumes of air are displaced by tJ 
auhstanou and the weight ; it follows from this, that a bod] 
when counterpoised by weights in air would not be i 
equilibrium with the same weights in vacuo. The magnitudi 
of the error from this cause is proportional to the differena 
between the volume of the weights and of the body weighed 
If the volume of the body is greater than that of the weigh! 
ita weight, HB indicated by the balance, is too small ; and tx 
versely, when the volume is less than that of the weightl 
the indicated weight ia too great. In the generality uf oasei 
the error thus introduced is too small to be taken cognizana 
of, but in excessively accurate determinations it is necesa: 
to take it into account. The absolute weight of a substaao 
in vacuo can be obtained, if necessarj', as foUows. The weigk 
of the volume of air displaced by the weights, is subtracta 
from the weight of the volume of air displaced by tha 
substance, and the weight thus obtained is added to i~ 
weight on the scale-pan. 

Directions for Weighing. 

9. The following directions describe the method of c( 
ducting the operation of weighing. 
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In the first place, see that the scale-pans and floor of the 
balance-case are quite clean, and free from dust. 

Next, see that the rider hangs upon the projecting arm 
of the brass rod, and not upon the beam of the balance. 

Then see if the instrument is in equilibrium, by gently 
lowering the supports, and setting the beam swinging. If the 
beam does not commence to oscillate on being released, start 
it, by gently waving the hand over one of the scale-pans ; 
the pointer should then oscillate through equal spaces on 
each side of the zero of the scale; if this is not the case, 
bring it into equilibrium by moving the brass 
vane, or altering the terminal screws. If, how- 
ever, it is simply requii'ed to obtain the weight 
of a body by difference, this adjustment is not 
necessary. Thus, supposing, for instance, we wish 
to weigh out a certain quantity of powdered coal 
for analysis. It may be put into a weighing -^ 
bottle, Fig. 6, and the weight of bottle and coal "^ « 
together determined. About as much of the coal 
as is required (say 1 gram) is then emptied out and the 
bottle again weighed ; the difference between the first and 
second weighings gives the weight of coal taken. 

The substance whose weight is required, should invari- 
ably be placed on the left-hand scale-pan, the weights being 
placed by the forceps on the right-hand pan. The weights 
should be placed on the pan in a systematic manner, and 
not taken at random from the box. The better plan is to 
start with a weight which is a little too heavy, and then to 
try the effect of lower weights of the same denomination, in 
succession, until the balance assumes a state of equilibrium, 
or the weights are a little too small ; in the latter case, the 
weights of the next lower denomination should be tried in 
the same way* For example, supposing we wish to deter- 
mine the weight of a platinum crucible, which was ulti- 
mately found to weigh 16 'TIS grams. We place on the 
weight pan the 10-gram weight and releaBe Ih^ "b^wxi^ tld& 
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proves too little ; w© then add another lO-gram weight, tl 
proves too miioh; we substitute the S-grani weight for tl 
10-(rram, the weight in agaiu too little; we add the 2-giwa 
weight, this ia again too much ; we substitute 01 
1-gram pieces for the 2-graiii piece, the weight ia too little 
we add the 0-5 gram, still too little; also the 0-2 { 
still too little, although it will now be noticed that the n 
of the vibration of the beam becomes much elower, isdicat 
ing that the balance is rapidly approaching equilibrium 
We have found that 16'7 grams is not quite sufficient t 
balance the crucible, we therefore add O'l gram, too muol 
(the pointer swings with increased energy in the oppcdt 
direction); we substitute 0'05 for the O'l gram, still t 
muoh ; we then try the ■ 02, the pointer now vibrates mud 
more slowly, but still indicates that the weight is too great 
we substitute O'Ol fur the 0-02 gram, the pointer ewing 
with the same slowness, but shows an equal deflection t 
the opposite side of the zero; we add 0'005 gram, th 
pointer now makes exoiirBiona of equal amplitude, that is, th 
balance is in equilibrium, 

The position of the pointer at the end of the vibration^ 
should be read off several times in succession, in order t 
make sure that the balance is in equilibrium ; the beam ia 
then arrested, and the aggregate value of the weights 
needed determined, both from the vacant spaces in the bo^ 
and from the denominations marked on the weights them^ 
selves. This method of double reading should always Iw 
employed, so as to prevent false entries. 

It should be particularly noted, that whenever an es-J 
change of weights is necessary, the motion of the beam i 
be arrested. Under no circumstances must anything 1 
added to, or taken away from the pans when the balance ii 
in motion. By not attending to this precaution, the kmifr 
edges would soon become worn, and the balance ■ 
consequently bo inaccurate. The balance-case should ba 
closed while the rider is being used, and the fiual observa». 



DIBEGTIONS FOB WEIGHINQ. 18 

Uon of equilibrium must be always conducted in the closed 
case. 

In weighing out substances for analysis, they should not 
be placed direct on the scale-pan, but weighed in vessels of 
glass, porcelain, or platinum. Powders may be weighed out 
from a stoppered weighing bottle, the diflference in weight 
loetween the first and second weighings representing the 
amount of powder weighed out. Hygroscopic substances 
may be weighed in watch-glasses with ground edges, and 
held together by a brass clip. Hygroscopic, efflorescent and 
volatile substances — ^in fact, all substances which gain or 
lose weight on exposure to air, should be weighed in closed 



A substance should never be weighed when warm. By 

placing a warm object on the balance-pan, the indications 

of the instrument are greatly aflfected. The ascending air 

cnrrent produced by the heat of the warm substance, acts 

against the pan containing the substance, and also against 

the beam above it, and the substance appears to weigh less 

than it ought to weigh. The warm air, after a time, also 

afects the portion of the beam against which it impinges, 

and by increasing its length disturbs the equality in the 

arms. Further, all substances condense upon their surface 

a certain amount of air and moisture, the weight of which 

depends upon the temperature : this also is an error in the 

same direction, and causes a body when warm to weigh less 

than when cold. 

Apart from the question of temperature, a vessel, say 
a platinum crucible, when rubbed with a dry cloth and 
weighed immediately afterwards, always weighs sensibly 
less than after half-an-hour's exposure to the air of the 
balance-case, owing to the condensation of the air, with its 
accompanying aqueous vapour, upon its surface. It is ad- 
visable, therefore, to allow the crucible, if newly wiped, to 
remain in the balance-case some little time before weighing. 
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SECTION II. 

SAMPLING — ^MEOHANICAL DIVISION — DRYING AND DESICCATION— BOLmON AHD 
EVAPORATION — PRECIPITATION — ^FILTRATION AND TRBATIOBNT OF PBB- 
0IPITATE8. 

Samj>ltng, 

10. The first operation in the conduct of an analysis is 
that of sampling, to which too much attention cannot he 
paid, as on the sample being a true representative of the 
whole bulk, depends the value of the analysis. For instance, 
in taking a sample of oxide of iron from a heap, if we were 
to simply take a sample from the outer portion, this would 
not give a fair indication of the bulk ; by reason of that part 
of the heap being acted upon by the atmosphere, it would 
probably be found to be much drier as compared with the 
interior portion, and thus, at any rate as far as . the amount 
of moisture was concerned, the sample would not represent 
the average of the heap. 

The proper mode of procedure in the case above cited, is 
to dig well into the heap, and taking small portions from 
every part, mix these well together, afterwards selecting 
still smaller portions from this for the final sample ; these 
latter portions being also turned over and well mixed. The 
sample should be immediately transferred to a tightly 
stoppered bottle, and labelled with the description and date 
of sampling. 

In sampling coal or cannel, all pieces should be broken 
up into lumps not larger than walnuts, and well turned 
over in the manner just described. 

Mechanical Division, 

11. The next operation is that of mechanical divifiion. 
In order to prepare a substance for analysis, that is to say, 
to make it in a suitable condition for the action of solvents. 
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&c., it is generally necessary to have it in a minute state of 
subdivision, as this will create abundant points of contact 
for the action of the solvent. Substances are obtained in 
this fine state by being pounded or triturated. The opera- 
tion of pounding is generally performed in mortars, the 
essential factor in the oper^ition being, that the mateiial of 
which the mortar is composed, is harder than the substance 
it is wished to reduce to powder, otherwise the substance 
may get contaminated with the material composing the 
mortar. For the ordinary salts, and substances not possess- 
ing any very considerable degree of hardness, a porcelain, 
glass, or Wedgwood-ware mortar may be used, but for 
minerals, and siliceous materials such as fire-bricks, an agate 
mortar is indispensable. In pounding coal, an iron mortar 
will be found useful. 

In the operation of pulverisation, as in most others, much 
time and trouble may be saved by a systematic method of 
working, and an equally great loss incurred by careless 
manipulation. Some substances fall into small fragments 
when simply touched by the pestle, and are easily reduced 
to fine powder by a grinding motion, while others require a 
great deal of pounding, and necessitate care in order to avoid 
dispersion of the fragments. This may be prevented by 
striking with the pestle straight down, carefully avoiding 
lateral blows, as such blows chiefly cause the particles to fly 
about. After the substance has been tolerably reduced, it 
is more advantageous to substitute a movement between 
that of a blow and a grind, for the directly downward 
motion of the pestle. This is effected by grasping the 
handle firmly in the hand, the striking portion of the pestle 
pointing somewhat inwards, and then striking downwards, 
drawing the pestle towards the operator's body. When by 
this means a certain degree of fineness has been obtained, it 
is advisable to entirely substitute trituration for blows, the 
pestle then travelling in turn, over the whole of the lower 
portion of the inside of the mortar. 



16 THE GAS engineer's LABORATOBY HANDBOOK. 

Where the matter adheres to the sides of the mortai^| 
must be scraped down towards the oentre with a spat 
It is necessary to have only a moderate amount in the 
at one time, as otherwise the fragments are protected 
each other from the action of the pestle. The operation 
pounding may be considerably assisted by that of 
For this purpose, the sets of sieves sold by dealers in 
cal apparatus will be found useful. The following 
may also be employed for the same purpose. A piece 
clean and dry muslin is tightly tied round the top of a si 
beaker. On this is lightly poured some of the powdei 
substance ; on gently tapping the muslin with a glass 
a portion falls through, the remainder, which is too 
for the pores of the muslin, is returned to the mortar, 
again pounded until it is likewise fine enough to patfj 
through. 

Impurities may be removed from porcelain and Wedg-I 
wood-ware mortars by rubbing in them a little sand saturated | 
with a strong acid or alkali. It is seldom that any dittj 
is found to resist the action of nitric or sulphuric acids, (f 
caustic potash. 

Desiccation. 

12. Before an analysis can be proceeded with, it is 
necessary that the substance under examination is free from 
all unessential constituents. The most frequent of these k 
moisture, by which is meant, the moisture in excess of thii 
which is necessary to the constitution of the body, b 
drying a substance, therefore, the aim generally is, to get lid 
of the adherent moisture without interfering with the ebaair 
cally combined water, or with any other constituent! Hm 
methods of effecting the operation in each particular OM^ 
will depend upon the temperature to which the substiinoe 
be exposed without being decomposed. Substances 
taining water of crystallisation may freqiently ha^ OtA 
adherent moisture removed by pressing ropeatedly betwMi 
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ds of filter paper. Another easy but rather dow method 
deBiccation, is to expoee the sabetanoe in a closed Tessel, 
Qed a ^* desiccator," over a pan containing calcic chloride, 
rong snlphnric acid, or other hygroscopic body. A partial 
lOaani in the desiccator accelerates the operation. Many 
'bstances may be freed from water at a temperature of 
>0^ C. (212° F.). A thin layer of the substance (powdeied if 
lid), spread on a watch-glass, is exposed to a gentle current 
air in a steam-jacketed oven, known as a water oven. 




Fig. 7. 



*ig. 7. The apparatus is made of copper, and is donbly- 
ased throughout with the exception of the door. 

The method of using it is to fill it to about three-fourths 
f its height with water ; it is then heated by means of a 
(unsen burner, with the effect that when the water boils, 
he upper part of the hollow casing becomes filled with steam, 
nd the temperature inside the oven approaches 100^ C. 
L gentle current of air at the same time passes through the 
yen. The distillation of water may frequently be combined 
fith the heating of water ovens. 

When a temperature higher than 100° C. iB TftCfiYt^ftL ivst 

o 



the drying of a substance, an air ovon is employed, 
oven IB almost identical in construution with a water cf 
the main difTerehce being, that heated air takes the p 
of boiling water and steam within the jacket. Since 
bottom of the oven comes into direct contact with the fl( 
it follows that it is iisnally hotter than the air in the intei 
consequently the sul»tance must not rest directly on 
bottom, A convenient stand may be mside by turning d 
the wire ends of a pipe-clay triangle at right angles to 
plane of the triangle. A thennometer passing throug 
cork in the top of the oven should be provided, so a 
register the temperature of the interior. With a littlo 
ptrience any required temperature may easily be obtd 
by regulating the tap on the gas supply, and after the I 
hits once been regulated the temperature will remain 
slant for several hours. Eegulatora are also sold by dei 
in chemical apparatus, by attaching which the tempera 
may he kept constant for any length of time. 

Many euhstances after drying readily take ap meat 
again, consequently aomo means must be adopted to pro 
them from absorbing moisture from the air while cod 
or waiting to he weighed. Dried apparatus also whu 
left for weighing, should be preserved from the depo« 
of water upon its surface. The usual method of preyei 
the access of atmoHpherio moisture is to enclose them i 
air-light vessel, the air in which is kept dry by exposfl 
a hygroscopic substance, sulphuric atid or calcic chl 
being the rertgent commonly used. One form of this in 
ment is shown in Fig. 8. It consists of a broad glal 
contracted in the middle. '1 he upper portion oontaio 
substance to be weighed, the lower portion the desico 
agent. 

A circular piece of perforated zitic forms a bottom t 
upper portion, and on this a bent pipe-clay triangle or 
support ia hiid. The body to he cooled and weigh 
placed on ihia support. The upper rim of the desiccs 
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ground, and a flat lid, also ground, fits tmly on to it, so that 
when the upper rim is lightly greased the flat lid fits air- 
tight. By this device, an air-tight chamber is obtained, in 
which a body may cool in dry air, and be kept from contact 
with moisture for an indefinite period. 





Fig. 8. 



Fig, 9. 



SoltUion of Solids. 

13. It is nsnally necessary before analysing a solid 
substance to have it in a state of solution, and in order to 
dissolve it the substance should be in a fine state of sub- 
division, being powdered, if necessary, as described in (11). 
If the substance is soluble in water, a convenient method of 
dissolving it is shown in Fig. 9. The substance is put into 
a beaker containing distilled water, and the beaker is then 
placed on a piece of wire gauze on an iron tripod over a 
Bunsen burner. Should " bumping " ensue, the contents of 
the beaker may be stirred occasionally with a glass rod. In 
order to guard against loss by spurting, the beaker is covered 
with a clock-glass. 



If the substance is likely to effervesce whilst dissolving, 
as b Bometimes the case, particularly on adding an acid to 
carbonates, the following methods may be employed ; — (1) 
The substance is placed in a cmlcal flask, the solvent being 
added through a siiiall funnel which is left in the mouth of 
the flask, closing it during the process of solution ; by tbit 
arrangement loss by spurting is prevented, but free passagB, 
of the gas given off is allowed. (2) Another method is to plsoft 
the substance in a round flask inclined at an angle of about 
45°. In this case also loss by spurting is prevented, as the 
drops thrown up diiring effervescence will be prevented 
from escaping by striking the inside of the flask, at th 
same time the gas will have a free exit. 

It is necessary to exercise care in the selection of veesel 
intended to be used for purposes of solution or evaporatios 
BO that they will not be acted upon by the solvent. 

Ecaporation. 

14. The process of evaporation is employed either t 
concentrate a solution, or to drive off the whole of th 
liquid by the aid of heat. It is usually conducted in banfl 
made of porcelain, platinum, nickel, or silver, although sonti 
times a beaker or crucible is employed. Liquids are usual! 
evaporated over boiling water in vessels known aa wata 
batks ; the heating agent in this case being steam. A Bim{ 
form consists of a oylindrical copper vessel, rather more thi 
half filled with water, and heated by a Bunsen burner. T, 
npper portion of the vessel can be fitted with ronnd rings 
flat sheet copper, the diameters of the rings gradnsi 
diminishing in size. The top of the vessel may thus 
made to fit and support vessels of different sizes. A mo 
elaborate water-bath is shown in Fig. 10. The top of tt 
arrangement is provided with holes of different sizes, so as. 
fit vesaela of varying dimensions. These hides when 
reyuired for use are covered with lids. Should a ve 
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employed for purposes of evaporation require to be after- 
wards weighed, it shonld rest on a glass ring, and not come 
into direct contact with the copper edge of the water-bath as 
above described, as sadti contact is likely to stain it. The 
upper part of a beaker, provided it is of the proper diameter, 
makes a very good support. 

A broken or cracked beaker may easily be converted into 
iQch a snpport, by cutting round it with a diamond, or 
le&diug a crack round it about an inch below its upper edge. 
A vater-bath of a simple form may be easily improvised by 
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partially filling a beaker with water and heating it over 
a Bunsen burner. Should the water in the beaker be in- 
clined to bump while boiling, the bumping may be prevented 
by placing a few small pieces of paper into the water. 

When a higher temperature than 100° C. is required in 
order to evaporate a liquid, one of the following methods 
may be employed. The vessel may be placed in a sand-bath, 
which is simply a shallow, saucer-shaped vessel of thin sheet 
iron filled with fine dry sand, heated by a Bunsen burner. By 
immersing the vessel to a depth of an inch or so in the sand, 
a uniform heat is imparted to the bottom oi t\ib N^asM^\ ot 



the vessel may be heated by dii'eot contact with a naka 
flame, the rose head being placed on the Bunaen during th 
oporution. Another method is to support the vessel on 
piece of wire gauze, or on a sheet-iron plate. The ] 
plan possesses the advantage that the rate of evaporatiai 
may be modified by moving the vessel, say a beaker, to i 
greater or lesser distance from the part of the plate direct!; 
in contact with the flame. Where effervescence is likely t 

ir, it is advisable to use an evaporating dish, coverinj 
it with a large inverted funnel. 

When eoaducting an evaporation it is advisable to obserr 
the following precautions : — 

(1) To prevent the liquid from actually boiling, or thert 
will be a risk of loss by spurting. 

(2) When conducting an evaporation over a naked flama 
IT sand-bath, towards the end of the operation, the 'i 

should, if possible, be transferred to a wator-bath, UB a liqnic 
a when heated below its boiling point, is likely to spuz 
when it is in a thick and pasty state, by the separation o 
solid matter. 

(3) Sometimes it happens that the liquid creeps up t] 
side of the vessel during the procesa of evaporation. ThS 
particularly applies to solutions containing salts of a: 
In the event of this occurring, the incrustation forming nea 
the edge of the vessel should be detached, and pushed dowj 
by the aid of a glaas rod. 

Precipitation. 

15, The operation of precipitation is frequently made u 
of in quantitative analysis, and is employed when it 

lired to convert a substance in solution into an insolubl 
form, in which condition it may be collected and weigbec 
The operation is usually performed in glass 1 
account of the facility with which the contents c 
may be transferred either to the filter, or to the vessels ii 
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whicli they are to be weighed. In the event of having to 
deal with strongly alkaline liquids, or where the latter have 
to be heated for some time, porcelain basins are more suitable. 
Precipitation is usually effected with hot solutions, and but 
rarely in the cold. If the solution is boiling, the beaker 
containing it is covered with a clock-glass, so as to avoid 
any loss by spurting. The separation of the precipitate 
from the liquid in which it is formed, is effected either by 
decantation or by filtration, or by a combination of both 
these processes. As a general rule, where the liquid has to 
be filtered, it wMl be found advantageous to allow it to 
stand at rest for some hours after adding the precipitating 
agent, known as the ^' precipitant," for the reasons (1) that 
the complete precipitation of the whole of the substance in 
solution only takes place after some time ; and (2) that in 
some cases, if the liquid is poured on the filter immediately 
after precipitation, there is a risk of its passing through 
the pores of the filter-paper. Some precipitates form very 
rapidly, and being of a flocculent character may be filtered 
off at once. The hydrates of iron and alumina are of this type. 
In all cases of precipitation, the addition of a large excess of 
the precipitant should be avoided, as this means increased 
labour in washing; but the presence of a slight excess is 
necessary, in order to ensure the complete throwing down of 
the whole of the substance in solution. This is easily as- 
certained, by adding a drop of the precipitant to the solution 
filtered from the precipitate, which will cause a further 
precipitation, if sufficient had not been added in the first 
instance. 

Filtration and Washing of Precipitates. 

16. A precipitate is separated from the liquid in which 
it has been thrown down, by passing the solution through 
a specially prepared filter-paper, procurable at the dealers 
in chemical apparatus. Filter-papers of the best quality 
suitable for quantitative work are treated with hydrochlorine 
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and hydrofluoric acid, and then thoroughly washed, bo . 
extract the greater part of the inorganio matter; c( 
<liwntly when a paper of this descriptioE is burnt, it lettT! 
an almost inappreciable amount of ash. Filter-papers shon] 
permit of rapid filtration, but at the same time the por 
should be sufficiently minute, to prevent the passage of evi 
the most finely divided precipitates. Swedish filter-papa 
fiilGl these conditions admirably. The filter when requin 
for nse is folded twice at right angles, Fig. 11, opt 
out into the form of a cone. Fig. 12, and placed in a gla 
funnel, whose sloping sides should open at an angle < 
about 60°, and merge into the neck at a definite angle, 
it will be found to fit the form of the folded filtor-pape 
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and consequently give the latter uniform support. Whfl 
placed in the funnel, the filter-paper is moistened with d 
tilled water from the wash-bottle, for the purpose of oausi 
the fibres of the paper to expand, and thus diminishing tl 
size of the pores, without at the same time clogging thesi. 
with solid particles. If this preliminary moistening . 
omitted, and a solution mixed with a precipitate is poured^ 
into the dry filter, some of the finely divided particles of ^H 
precipitate are drawn into the pores by capillary attraotifaij 
and tend to prevent the passage of the clear solution througli 
them. The filter should never he allowed to reach highdr- 
than the top of the funnel, as otherwise there would be i 
danger of the paper giving way owing to the weight of tbttj 
liquid, besides the further danger of some of the solutio) 
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rtmring down the antaide of tLe fBUwl afio' paHsg 
throngh the piqectmg l«Fac- It i* e^«i bekter tLat ti» 
Aumel Bboald project half-an-incii aibtnv Hm: edg« of llw 
paper. The fimnel i« jJaoed in * ocnTcniBLl nand. so timt 
the edge of the vtem (cot obtiqneiy) tonc^tcs tl»e mde of the 
veeeel intended to neeiTe the filtered aohniGn, ttsMod the 
filtmte. By aUowing the Uqnd to bQ down the nde, all 
Bplaahing, and coneeqnent iiMk cf !(■■ of tl^ filtraie ie 
•voided. The aolntion to be filtered idtonld atrrer be pouted 
diieotly into the fnnnd. Int down a thin i^laa rod. Fig. 13, 




the stream of liquid being ■> directed aa to &11 against the 
nde of the filter, and not into the apex, as that would en- 
danger the bnistiDg of the paper, and canae loss by splashing. 
A liqaid retaining a precipitate in snepeDsion, ahonld nerer 
be poured higher than within half-an-inch of the margin of 
the filter. The rim of the veeael containing the liquid to be 
filtered should be slightly greased; this prerenta the lie 
Tanning down the outside of the veeaeL ^ 
tite rod employed in pooling the liquid 
placed in the Teasel containing tlw 
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uecmamrj ^oc iSi& jocasr ^nfmrtt :iiiii le LifCixETcd. in a littl( 
Qagk. 'TT aemkEs^ wmcxL is ir*srw7srl& rrso&i out into th( 
ixLosr iu «i}ii a» ^fia woulfr n: :ai*^ ?ri3tsb£ias& hsMi been trans 
fereii on za ^e 11:39:: ptrr*ng la^s pm^r^aF of the filtratior 
it » acfrnble tt3 <3rver zst3& ^^iriinzs ^lesKis wicL glass plates, e 
aft to pRT^sit insc zsrim. thiTrng Enis imsoi. 

A s^^eiaL plo&s wisiL :& snoL ^le- as tlie side will 1 
neGeonrr fer ccviainjc sms beaker ruoetTnatr the filtrate, £ 
aft to adznit the seem *:^ xsxsi l5rrnnrf. 

It occasLonallj maj Iupv«ai. dsat acme- of the piecipita 
paflKS tnroi^L wixh the aLlKred kLiice<jil. baiinm snlpha 
and cakxiEzn oxalate* whssa. ^esiolj precipitated, being e 
peciallj liable to do sow S^uld this occur, it may 1 
neoecaaij to pass the precipiute throogli the filter two < 
three times be£[>ze it comeft throogh quite clear. A clei 
filtrate may, howeTer. be obtained in most cases by w€ 
boiling the mixture before filtering, which canses the fine! 
divided particles of the precipitate to coalesce together. Tl 
presence of particnlar saline matters in solution also som 
times prevents a precipitate passing throngh; ammonin 
chloride, for example, exercises this property with bariu 
sulphate. 

As proTionsly remarked, the operations of filtration ai 
decantation are nsnally combined in the following manne 
After decanting the dear liquid, a finesh quantity of distill( 
water, or other washing liquid, is poured upon the precipita 
in the beaker, and the contents of the vessel agitated. TJ 
mixture is then allowed to subside until the liquid is cle: 
again, and the clear liquid is poured through the same filt( 
These operations are then repeated several times. Final 
the precipitate is transferred to the filter-paper by means 
the spray from the wash-bottle, Fig. 14, the portions of t] 
precipitate adhering to the beaker being removed by mea: 
of a glass rod capped with indiau-rubber tubing. Should 
btt found impossible to remove the last traces of the pi 
oipitate bj means of the latter contrivance, the precipita 
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^ usually be disBolved and re-preoipiUteil. When the 
Miolfl of the mixture has been poared on the filler, all the 
HQtion should be allowed to pasa through before com- 
> wash the precipitate on the filter. The object 
pnaBhing, is to remove all soluble matters from the filter, 
id the operation is of great importance in analyaiB, as a 
Mpitftte imperfectly washed would weigh too high. For 
kUnce, in the determinatian of salphnric acid by precipi- 
i with an excesB of barium chloride, if the eiceae of 
m chloride ia not removed by washing, we should be 
Fbighing, not the weight of barium tnlphate alone, bot a 
'iitnre of barium sulphate and chloride, 
h would, of course, give an erroneous 
isult. 

Preoipitatea are generally washed by 
pCHiB of the wash-bottle, shown in Fig. 14. 
B is simply a flask made of thin glass 
liie purpose of standing heat, fitted 
1 a Bound cork, through which two glass 
IB pass. One, which is bent at an angle 
15°, has a piece of india-rubber tube 
^Ifaohed to it, and enters the flask only a p,g_ j^_ 

short distance ; the other, which reaches 
Bearly to the bottom of the flask, has its upper end drawn 
onl to a fine point, and bent at a suitable angle for directing 
the stream of water. In order to hold the wash-bottle with 
ooBvenience, a coil of thick string maybe wrapped round 
its neck. On filling the wash- bottle with water and blowing 
through the india-rubber tube, a fine stream of water may 
be directed on any part of the filter. 

The precipitate remaining on the filter is now well 

washed (generally with hot distilled water, as hot waf-er 

filters more rapidly than cold), the current of water being 

applied, first towards the upper part of the filter, and then 

Li'duwtad gradually dowuwarda. When the filter has in this 

r heea oearJj- £}ied up with water, tke 'wlioV ^asjsii 
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be allowed to run through before adding any more ; 
oporatioE 18 then repeated until the precipitate is sufficiently 
woabed, which is known by teating some of ihe fin^ 
waahinga. If the precipitate, while standing in the filter 
cakea together into lumpa, these must be broken up 1>3 
directing upon them a strong current of water from the 
wash-bottle, as otherwise the water would not penetrate 
then), and some of the soluble matter would escape remoToL 



Accelerated Filtration. 

17. The prooesB of washing the precipitate as desoribf 
above is frequently very tedioua, hence varioua expedient! 
have been devised in order to accelerate the process. 

One of the simplest means of attun- 
ing this result is to attach a bent tuba 
to the funnel, as shown in Fig. 15. When 
the liquid descends and fills the longK 
limb of the tube, a considerable "pnl 
or vacuum. " is exerted on the contents tl 
the funnel, consequently increasing tin 
rate of filtration. The roost effectiya 
method, however, for inducing rapid fifc 
tration is by means of the filter-pump, C 
other appliances which remove the atm< 
spheric pressure from beneath the filteE 
more or less completely, and yet le&v4 
that pressure in its entirety to act on thti 
surface of the liquid in the funnel. 

A handy form of filter-pump is that 
invented by Geiesler, and shown in Fig« 
16, It is made of glass. The most a 
venient place for fixing this apparatus is over the sink of thtf 
water supply. The upper vertical tube of the filt«r-piimp 
should he attached, by means of a stout india-rubber tube, to 
i-jires8tire water service, and in order to withstand the 




Fig. is. 
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pwBSTire of the water, the india-rubber tube should be firmly 
bound with strong copper wire to the water tap and filter- 
pump. The action of the pump is as follows. As shown in 
the drawing, there are three tubes fixed into the chamber in 
liie tipper portion of the apparatus. The upper 
vertical tube conveys the water from a high- 
prearare water service. This, in passing through 
the contracted end of the tube into the opening 
immediately below it, entangles air from the cham- 
ber, and carries it away through the lower vertical 
outlet pipe. Air is consequently pulled through 
the side horizontal tube, and a vessel placed in 
connection with this tube will consequently be 
gradually exhausted of its air. The side tube of 
the pnmp is connected with a tube from a small 
Woulffe's bottle. This tube passes through the cork 
of the bottle nearly to the bottom ; the other tube 
of the bottle passes just through the cork in its Fig. 16. 
neck. This tube is connected in its turn by means 
of india-rubber tubing, either with another Woulflfe's bottle 
containing the funnel, or with the side tube of a filtering 
flasL The first Woulffe's bottle is employed iu order to 
prevent any of the water from the water service from 
entering the Woulflfe's bottle containing the filter, or 
filtering flask, when the water supply is suddenly checked. 
In the event of this occurring, the water from the filter- 
pump would be drawn back into the side tube by the partial 
vacuum created ; but instead of entering the filtering flask 
it is arrested in the first Woulflfe's bottle. In this way the 
water is prevented from mixing with the filtrate in the 
second Woulflfe's bottle or filtering flask, and as soon as the 
filter-pump is re-started, the water in the Woulflfe's bottle is 
rapidly sucked out. 

By reducing the pressure underneath the filter in the 
manner indicated, the pressure acting on the upper surface 
of the paper is frequently greater than tiie 'vm«v3LY?Q^^a^ 
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pfl4»r caa bear wi&ont breakm^; h is therefore neoesBaiy 
^> szpfii-Tt tbft apex «&£ tbe filtw-papcr by a platmnm cone, 
wli:^ is •G^ftizs^ <£ tbe denrad shape in the following 
nMcrafrT, A ciTCTdljf pwee •of wiitiiig paper, 10 or 12 oenti- 
m£%nA m diazzseter. k f^jriLded in the shape of a filter, and 
placed in tbe funnel so aa to fit aocoratel j to the sides of the 
aams*, pardcnlariT near i:s ^lex. It is kept in position by a 
few dp>ps of sealing-wax. and is saturated with oil by means 
of a feather, cmk being taken that no drops of the <nl remain 
at the apex of the paper oone. A thin cream of plaster of 
Paris is tboi poured into the paper monld, and a small 
wooden handle is inserted into it just before the plaster 
solidifies. In a few hours the plaster cast will be dry enough 
to be removed from the fimnel, together with the oiled paper. 

The ontside of the same paper cone is 
now thorooghly oiled and inserted into 
a small capsule, or similar shaped vessel, 
of 4 or 5 centimetres in height, filled 
with a cream of plaster of Paris. As 
soon as the enter mould is dry, the plaster 
cone is removed, and the paper rubbed off 
it. In this way a solid cone fitting into 
a hollow cone is obtained, both of which 
have the angle of inclination of the funnel. A piece of 
platinum foil, of such a thickness that one square centimetre 
weighs O'lo gram, is cut into the shape and size shown in 
Fig. 17 ; it is divided by a pair of scissors along the line ah, 
as far as the centre a. The foil is then held in the Bunsen 
fiamo for a few minutes to render it pliable, and placed 
against the plaster cone, so that the point a is at the end of 
the cono; the side a, h, d, is folded against the cone, and 
over this is folded the remainder, a, h, c, so that the foil also 
becomes a cone, the sides of which have exactly the same 
inclination as those of the plaster cast, and also of the funnel. 
Tho shape of the platinum cone may be completed by 
dropping it into the hollow mould, and pressing it down by 




ACCELERATED FILTRATI05. 31 

means of the plaster cone. If, after use, the oone should 
happen to get out of shape, the correct shape may at any 
time be obtained again, by simple pressure between the two 
cones. The platinum cone should not allow any light to 
pass through its apex. When properly made it will support 
a filter filled with liquid under the pressure of an atmosphere 
without the paper breaking. The small space between the 
folds of the foil is quite sufficient to allow of the passage of a 
rapid stream of water from the filter. The platinum cone is 
fitted for use in the following manner. A funnel is selected 
exactly fitting the cone, which is placed in the funnel, and 
then a dry filter-paper, folded in the ordinary manner, 
inserted. The filter-paper is pressed so that the cone and 
paper fit the sides of the funnel closely. The paper is then 
wetted by pouring in a little distilled water. The over- 
lapping edges of the filter-paper are pressed down by the 
fiugers, and any air-bubbles between the funnel and paper 
we also carefully removed by pressure. The funnel is then 
fitted, by a perforated india-rubber cork, either into the neck 
0^ a clean, strong, conical filtering flask, or into one tubulure 
of a Woulffe's bottle of suitable size ; the side tube of the 
filtering flask, or the remaining tubulure of the Woulflfe's 
bottle being placed in connection with the filter-pump. 
Afrer making the connection between the pump and the 
vessel carrying the funnel, but before commencing filtration, 
it is advisable to fill the filter with distilled water and to 
start the pump. If any air is observed to be sucked down 
between the filter and funnel, this should be stopped by 
gently pressing the moistened edges of the paper against the 
funnel. In commencing filtration the pump should be 
started very gently, particularly if the precipitate is a fine 
one, as in that case particles of the precipitate may be at first 
easily drawn through the paper. To filter a precipitate by 
this apparatus, the supernatant liquid is cautiously poured on 
to the fillter, the action of the pump is gently started, and as 
the liquid Eows through into thejfiltering flask, treat ^oi\.\o\i^ 
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are added until the whole has been decanted. The predjat 
ia then traniforrud In the ordinary manner, and waaheJ 
the addition of water from an open mouthed vessel and 1 
liy a jat from a wauh-hottle. The liquid in which the p 
oipjtikte was originally formed, together with that neoess 
to transfer the precipitate to the filter, should be allowed 
flow Hway completely before the operation of washing 
oommencod. As soon as the precipitate ia drained, \ 
befuro any channels begin to form in it, the filter should 
filled up with distilled water, poured cautiously down t 
side of the fuuneh When this lot of waah-'water has drain 
away, the auction ia continued until the precipitate 
observed to ahrink, when the filter is again filled up. H 
process ia tii bo twice repeated, after which the preoipiti 
niay he drained almost dry by using the filter-pump ai 
minutes lon|;er, 

This method of filtration and washing is exceeding 

rapid as ooinjiared with the old plan. A further advantal 

attends the use of the filter-pump, that ia, the condition i 

the prcoipitate after filtration. Trecipitates such as fern 

oxide and alumina are left so dry that, without fuitll! 

drying, tlio prouipitate wrapped in the filter-paper niayj 

plaoed in the oi-uoible over the Bunaen flame, and, aa 

oaulioualy charring the paper, the whole may be igni| 

without risk of loss hy partioles being projected out of I 

cruoihle. | 

Dnjing of Precipitates. U 

18, The next operation is that of drying the prooipifij 

which is effeeted as foUowa. 

The water remaining in the stem of the funnel is I 
removed by means of a filter-paper, and the mouth of; 
funnel i" then covered with a moistened filter ; on dTj) 
the l«P«r atlhei^s to the rim of the funnel, and in this i 
rffoteets the precipitate from dust. The funnel is then ptt 
uTthe water oven (12) and kept there until the ?a^r 




>recipitate are quite diy. This method of drying the pre- 

apitate possesses the advantage that, when the precipitate 

B contraoting, it detaches itaelf from the filter-jiaper, so that 

Oreoipitatea of a curdy or gelatinous nature, 

rash as siLver chloride, or the oxides of iron 

kad chromium, may be almost completely 

shaken out of the funnel, direct into the 

ErQcible in which they are to be weighed. 

IHae easy separation of the dried precipitate 

from the paper is a material help to accuracy 

in obtaining the weight of the precipitate. 

Another method of drying, la to place the 

ftnnel in a tin cone, supported on a piece of 

■wire gauze over a Bunsen burner. Fig. 18 ; but 

thiB method is open to the objection that it may ci 

of the paper, or fractnre of the funnel, besides possesaing the 

farther disadvantage of causing the precipitate, by reason of 

Say it is heated, to adhere to the paper. 
. Since the precipitate is required to be ii 
ate before it is in a fit condition for we 
y nccCBsary to ignite it. The filter-paper 
and converted into ash, and the weight of the result- 
ah, which is usually extremely small, is subtracted 
he total weight of the ignited precipitate and ash ; it 
reforo necessary to determine the average weight of 
ih of the filter-papers employed, vrhich is done as 
follows; — Six filter -papers are selected from different parts 
of a packet of filters ; these are then carefully folded and 
burnt, one by one, to a perfectly while ash in a weighed 
platinum crucible, the crucible and ash being afterwards 
weighed. The weight of the ash thus obtained, divided by 
rix, will give the amount of ash from one filter-paper. The 
TOBfiels emplojed in the ignition of precipitates aT6 cratSdis* 
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le charring 



a perfectly 
;bing, it is 

tself is also 
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filter-paper has any reducing action on the precipitate or not 
If iihe oombnstion of the filter-paper has no reducing action 
upon the precipitate, the latter may be ignited as follows. 
The filter and precipitate, first being thoroughly dried in the 
water oven, the filter-paper (which still contains the pre- 
cipitate) is folded together, and the free edge turned down so 
as to enclose the precipitate in a small compass. The filter is 
then deposited in the crucible, and the lid placed on the latter 
80 as to nearly cover it, leaving only a small space for the 
escape of the gases which are given oflf by the ignition and 
comhustion of the filter- paper. Fig. 21. Heat is then applied, 
very moderately at the commencement. As soon as the 
flame dne to the combustible gases ceases to appear, the lid 
may be removed, and the heat increased until the tempera- 
ture required is obtained. When the filter-paper has been 
entirely converted into a white ash, the burner is taken 
away, and as soon as the crucible has cooled down a little, it 
is removed to the desiccator by means of a pair of clean 
crucible tongs. The lid of the crucible is then ignited until 
it is clean, placed upon the crucible, and the whole is weighed 
when cold. 

It sometimes happens that the filter-paper is dif&cult to 
completely incinerate, black particles of carbon stubbornly 
remaining. In this event, the combustion may be accelerated 
by bringing the portions of unconsumed filter-paper into 
contact with the hottest portion of the crucible, by means of 
a stout platinum wire fused into a piece of glass tubing ; or 
a small blow-pipe flame may be used, so as to produce a 
higher temperature. Another way of helping the combus- 
tion of the carbon, is to moisten the ash with a drop of a 
saturated solution of ammonium nitrate. Precipitates such 
is AI2O3, SHj^O : or CraOg, SH2O ; which have been washed 
ind drained by means of the filter-pump, may be ignited 
without being previously dried in the water oven. In these 
ases, it is necessary to cover the crucible with its lid, until 
11 the moisture and gases have been driven off,aiii to ^'C'^Vs 



THE 0A3 ESOINEBR S LABORATORY HANDBOOK. 

tlio heat very gradually, comiuencing with a email i 
placed at some distance below the cruoiblo. 

When the combostion of the filter-paper is liable to > 
a redncing aotioo on the precipitate, aad also in casei 
which it is deflirable to keep the precipitate apart froni 
ash, the precipitate is ignited apart from the filter, in 
of the following ways. 

(a) The dry precipitate and paper are taten Ixom 
funnel, aud the precipitate ia carefully shaken out of 
[laper into the crucible standing on a piece uf glazed pw 
BO as to catch any particles of precipitate which may 
■ lUtside the cracihlc. The glazed paper should be dark' 
liKht-oolonro J, and white for dark - coloured precipitin 
The portions of the precipitate adhering to the filter 
loosened by rubbing its sides together, care being takf 
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the surface of the paper is not destroyed by so doing, ofl 
wise filaments of paper are liable to contaminate the pi 
pitate, and may impair the accuracy of the result,,! 
escaping being bnrnt in the subsequent ignition, or if btt 
may alter the composition of the precipitate. The prac 
tate, detached as above described, ia then a^ded to i 
already in the crucible. The filter-paper is then folded 
ae in Tig. 20, and afterwards rolled into a coil. 

The paper should be folded in such a manner that 
soiled half of the filter is in the centre ; there is i' 
risk of less from projection, or from the precipitate fuain 
the platinum wire, which is wound round the paper ; 
spiral form. The platinum wire employed should be a1 
10 inches long and fairly stout, and, for convenieuoi 
handling, shoidd be fused into a piece of glass tube. 

The filter-paper is then ignited by means of a Eul 
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, wkich is held in one hand, the paper being held in 
er hand directly over the crucible standing on a piece 
ed paper. The paper is maintained in a glowing con- 
by being occasionally placed in the flame of the burner, 
he carbon of the paper is entirely consumed. A slight 
the platinum wire on the edge of the crucible will 
the ash to fall into ilie latter, when the ignition may 
ipleted in the usual way by means of a Bunsen burner. 




Fig. 21. 

gently with the lid on, and afterwards more strongly 
he lid removed. The crucible is then placed in the 
tor and weighed when cold. It is then heated a 
time and again weighed, to ascertain that its weight 
tant. 

3very case before proceeding to use a crucible for the 
Q of igniting a precipitate, it should first be heated, 
in the desiccator, and weighed, bo as to obtain the 
of the empty cruciblB. 
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(h) Another metliod of igniting the filter-paper and pre- 
cipitate, is to burn the paper on the lid, and the precipitate 
in the crucible, both being ultimately weighed together. 
The details of the method are as follows. The precipi- 
tate is shaken out into the crucible, the last traces being 
detached from the paper as completely as possible as in 
the previous method. The filter-paper is then cut up into 
small strips by means of a clean pair of scissors ; these strips 
are then incinerated, one by one, on the inverted lid of 
the crucible, which is supported on a pipe-clay triangle. 
When all the strips have been burnt, the resultant ash is 
added to the precipitate in the crucible, and the ignition 
completed as already described. 

As previously remarked, the intensity and duration of 
heat to which a precipitate should be exposed, depends on 
the nature and quantity of the precipitate, but as a general 
rule from five to ten minutes at a low red heat will be 
sufficient. A few words on the care of platinum vessels are 
necessary. Platinum crucibles, when red hot, should never 
bo touched with brass tongs, or placed in brass rings, as 
these produce black stains on the metal. Should a platinum 
crucible become soiled, it may be cleaned by rubbing it with 
moist sea-sand, the particles of which, being rounded, will 
not scratch the metal. The nature of the sand should first 
be ascertained by examining a few grains of it through a 
magnifying glass ; if they appear to be rounded, resembling 
pebbles, the sand is suitable, but if angular the sand should 
not be used. Should the stains not disappear on rubbing 
with sand, a little bisulphate of potassium may be fased in 
the crucible ; this, when cold, is removed by boiling it with 
water, and the surface of the metal finally polished with sea- 
sand. 

Collection of Precipitates on Weighed Filters. 

20. It occasionally happens that it is not possible to 
expel the moisture from a precipitate by ignition, before 
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weighing. It is therefore necessary, in such a case, to weigh 
the precipitate on the filter on which it has been deposited ; 
conseqaently, we require to know the weight of the filter 
paper itself. The paper is folded in the usual manner, 
placed in a stoppered weighing tube, or between a pair of 
well-ground watch glasses with clip. Fig. 22, and heated in 
the water oven for an hour or so. The stoppered tube or 
watch-glasses containing the filter paper are then allowed 
to cool in the desiccator, and weighed when cold. The filter 
ifi then placed in the funnel, and the precipitate deposited 
on it in the usual manner, the tube or watch-glasses 




Fig. 22. 

remaining in the balance case while this operation is pro- 
ceeding. When ready for drying, the paper and precipitate 
are first of all dried in the funnel ; the filter is then taken 
out of the same and placed in the weighing tube or between 
the watch-glasses, dried for some hours in the water oven, 
and repeatedly weighed until a constant weight is obtained. 
Another plan is to weigh two filters of equal size, A and 
B, against each other, and mark the difference in weight 
on B. The precipitate is collected on A, the filtrate and 
washings being allowed to pass through B ; both are dried 
and weighed against each other, and the original difference 
in weight allowed for. 
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PART II. 

SIMPLE GRAVIMETBIO DETERMINATIONS. 

The following simple gravimetric determinations are selected 
principally, with a view to their applicability to the esti* 
mations most frequently required in gasworks. In most of 
the examples, the substance selected for analysis is of known- 
and definite composition. The accuracy of the result ob- 
tained can therefore be checked, by calculating from the 
formula of the substance, the percentage of the constituent 
present. 

The substances recommended for analysis in these exer- 
cises, are generally soluble in water, but should a substance 
requiring estimation be found to be insoluble in water, it 
will be necessary then to ascertain, by experimenting on a 
small portion of the finely powdered substance, what are 
the most suitable solvents. These will usually be found to 
be either hydrochloric or nitric acids in the order named, or 
possibly a mixture of the two. If treatment with acids does 
not dissolve it, the substance may generally be decomposed 
by fusing it with about six times its weight of a mixture of 
sodium and potassium carbonates ; it is then extracted with 
water, and the insoluble residue dissolved by treatment with 
acid. 

21. In order to make the following exercises of any 
value, it is necessary that] the substances chosen for the ex- 
periments should be quite pure ; a few hints on the prepara- 
tion of pure substances will therefore be of service. 

The purity of a soluble and crystallisable chemical com- 
pound can usually be ensured by repeated crystallisation 
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from a Bnitable medium. Owing to the fact that the 
impurities are left behind in the mother liquor by this mode 
of treatment, many commercial salts may be purified by one 
or two crystallisations from water. The following is the 
method of procedure in the case of some substances which 
are employed in the examples given for practice. 

Potassium aluminium sulphate ( A1K( 804)3, I2H2O); ^^P" 
per sulphate (CuS04,5H20) ; barium chloride (BaClj4,2H20) ; 
magnesium sulphate (MgSO^jTHjO). 

The coarsely crushed commercial salt is dissolyed in a 
beaker or evaporating basin, the contents of the vessel being 
heated and well stirred, until the solid no longer dissolves^ 
- so as to obtain a hot and nearly 
saturated solution of the solid. 
The bot liquid is then decanted 
from the excess of solid, into a 
crystallising dish. In the event, 
however, of any suspended solid 
matter remaining in the liquid, 
the latter must bepassed tlirough 
a filter -paper contained in a 
funnel, which is kept Lot by 
means of a jacket of hot water. 
The apparatus employed to at- 
tain this result is shown in 
Fig. 23. It consists of a copper 
vessel, somewhat resembling a 

funnel in shape, and double walled. In communication with 
the interspace of the funnel-shaped portion of the apparatus 
is a sheet copper projection, a. The apparatus is provided 
with a handle for convenience of holding. The apparatus 
before being used is about half-filled with water. The 
water is then heated to boiling by placing a Bunsen burner 
beneath the projecting portion, a, which will be filled with 
water communicating with that in the jacket. In this way 
hot water will circulate throughout tke copper jm^' 




Fig. 23. 



42 THE GAS engineer's LABORATORY HANDBOOK. 

consequently, the funnel placed in it may be kept hot 
during filtration. After filtering, the clear hot solution 
(filtrate) is surrounded with a vessel containing cold water, 
so as to rapidly cool down the solution, and further the 
formation of small crystals. When the crystals have ceased 
to form, the supernatant liquid is poured off, and the 
crystals are placed upon porous tiles to drain. After 
draining for several hours, the crystals are broken up, and 
are finally dried by means of repeated pressure between 
folds of filter or blotting paper. They are then placed in a 
tight-fitting stoppered bottle. 

22. Many chemicals may be prepared in a pure state by 
means of precipitation, and subsequent washing and drying. 

The preparation of pure calcium carbonate is an example. 
Dissolve 100 grams of calcium chloride (CaClg) in 260 cc. 
of distilled water, heat the solution to boiling, filter if 
necessary, and then add a strong solution of pure ammonium 
carbonate (NE[4)2C03, as long as any precipitate is thrown 
down. Pour the precipitate on to a filter- paper, and wash 
it with hot water until the latest washings cease to give a 
precipitate with a solution of nitrate of silver (AgNOg). 
Then dry the precipitate in the water oven, detach it from 
the filter-paper, and preserve in a stoppered bottle. 

23. The process of sublimation is sometimes employed 
for the purpose of separating volatile from non-volatile sub- 
stances, the purification of such substances being in this way 
effected. 

In order to purify a volatile substance, the sublimation 
may be effected by placing the substance in a porcelain 
crucible, and inverting over it a similar crucible. The 
lower crucible is then gently heated, when the substance 
will volatilise and condense in the upper one, which must 
be replaced by a cold one if it becomes too hot. 

Another method is to place the substance into a porcelain 
dish, and condense its vapour by means of an inverted 
funnel, j)laced so as to, cover the substance. Unless the 
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substance which is to be sublimed is known to be quite dry, 
it is advisable to allow the first portion of its vapour to pass 
away, and carry off any moisture there may be in the sub- 
stance with it. 

The sublimation of iodine is an example of the first 
method of purification by means of sublimation. 

Partly fill a porcelain crucible with a mixture of three 
parts of iodine and one part of iodide of potassium (KI), 
finely powdered, and well mixed together. This is then 
covered with a second crucible, and a gentle heat applied 
to the lower crucible. At the dose of the operation the 
sublimed crystals are removed and stored in a clean dry 
bottle. 

The sublimation of arsenious oxide (AS2O3) is an example 
of the second method of purification by means of sublima- 
tion. 

Place in a small porcelain dish a thin layer of AsgOg. 
Then invert over it a clean glass funnel, and gently heat 
the dish. The sublimed AsjOg is detached from the funnel 
at the end of the operation and preserved for future use. 



Estimation of SO4 in a Sulphate (Soluble). 

24. The SO4 18 precipitated as barium sulphate and weighed 
in this form. 

The manipulation necessary in the determination of the 
above, finds frequent application in the analytical work 
required in gasworks. 

The determination of the amount of sulphur in coal and 
coke, the sulphur compounds in purified gas, the testing of 
the solutions employed in the Keferees' ammonia test, and in 
the testing of ammoniacal liquor and sulphate of ammonia, 
are typical instances. 

The substance chosen for the estimation is copper sul- 
phate (CuS0^,5H20). 
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In order to obtain the substance in a state of purity, 
is necessary to purify it by recry stall isation (21) ; but ev( 
this treatment is not always sufficient to purify the coi 
mercial salt (blue vitriol) ; as it not unfrequently contai 
ferrous sulphate, which cannot be removed even by repeat 
crystallisation, as the two sulphates tend to crystallise, 1 
gether. By heating the solution, with a few drops of nit 
acid, however, the ferrous salt is oxidised to ferric sulpha 
and on concentrating the liquid, crystals of pure copj 
sulphate are easily obtained. In order to prepare a quanti 
of the pure salt, about 200 grams of clean, well-forir 
crystals of commercial blue vitriol are dissolved in abou 
quarter of a litre of hot water, a few drops of nitric acid ! 
added, the solution is filtered if necessary, and boiled 
half an hour ; on cooling, the liquid deposits crystals of pi 
CuSO^. After standing for a few hours the solution 
poured off, and the mother liquor is drained as far as possi 
from the crystals. The crystals remaining are then broi 
up by means of a glass rod, and dried by pressure betw€ 
folds of filter or blotting paper. It is advisable not to pr 
the crystals with too great a force, as the sulphate m 
consequently become mixed with filaments of filter-pap 
which would interfere with the accuracy of the af 
analytical operations. When the greater portion of 1 
moisture has in this way been got rid of, the salt 
wrapped in a fresh sheet of dry filtering paper, and t 
folds are placed under a heavy weight for an hour or U 
When dry the salt is placed in a stoppered weighing tu 
About one gram of the dried salt is now weighed out in t 
following manner. The stoppered weighing tube containi 
the CUSO4 is carefully weighed, and about a gram of t 
salt is shaken out into a clean dry beaker of about 18 ounc 
capacity. On replacing the stopper and again weighing t 
tube, the loss of weight resulting, gives the exact anion 
taken for analysis. Care must of course be taken that 
the salt Bhaken out of the tube is dei^o«vt^d \\i tkfe b^ak 



, 
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The salt is now dissolyed in 30-40 cubic centimetres of 
distilled water, a few drops of hydrochloric acid are added, 
and the solution, coYered with a clock-glass, is heated to 
boiling. The burner is then removed from underneath the 
be&ker, and a saturated solution of barium chloride added 
drop by drop. In order to ascertain whether an excess of 
the precipitant has been added, the barium sulphate is left 
to settle down, and when the supernatant liquid is suf- 
ficiently clear, a drop of the barium chloride solution is 
poured down the side of the beaker. If an increased tur- 
bidity ensues, the liquid is again heated, and a further 
quantity of barium chloride solution added ; the precipitate 
is once more allowed to settle, and the liquid again tested 
hy cautiously adding barium chloride solution. When it is 
quite evident that the precipitation is complete, cover the 
heaker and set it aside in a warm place for the precipitate 
to settle. If it is attempted to filter the turbid liquid 
MMnediately, the finely divided precipitate will inevitably 
pass through the pores of the paper, but on standing, 
68pecially affcer precipitation from a hot solution slightly 
Edified with hydrochloric acid, the barium sulphate 
heoomes denser, and assumes a granular form. When the 
P^pitate has completely settled, add one more drop of 
barium chloride to be quite certain that the precipitation 
is complete, and proceed to collect the •BaS04 on a filter ; 
the supernatant liquid is first poured through, care being 
taken not to disturb the precipitate. The precipitate is 
then washed twice by decantation through the filter, and 
finally transferred to the latter by means of the wash-bottle 
with a fine jet,, and a glass rod tipped with india-rubber tube. 
The precipitate is washed free from chloride, as shown by a 
portion of the latest washings not giving a precipitate with 
a solution of nitrate of silver. 

When thoroughly washed, the filter and precipitate are 
dried in the water oven, and, when dry, the precipitate is 
ignited, apart from the Biter, in the foUowmg masiSiet* ^^^^ 
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precipitate is first detached as completely as possible frc 
the filter, and placed iu a platinum crucible. The filter 
then folded up with the soiled surface in the middle, ai 
bound round by a spiral of platinum-wire, and burnt 
a white ash in the flame of a Bunsen burner. The ash 
then added to the precipitate in the crucible, and the whc 
is ignited for about fifteen minutes at a dull red heat. It 
then allowed to cool in the desiccator and weighed. T] 
precipitate is ignited again for ten minutes, then allowed 
cool, and weighed; this operation being repeated until tl 
weight is constant. 

From the weight of the BaS04 thus obtained, the percen 
age of SO4 may be calculated in the manner described belov 

It 18 necessary to note that any BaS04 adhering to the fill 
pajper will he reduced to BaS. If this is present in any appret 
able quantity it will he necessary to reconvert it into BaS04 hy t 
following procedure. The filter-ash which has been dropped tii 
the crucible is "moistened with two drops of dilute HCl, and o 
drop of dilute H2SO4. The contents of the crucible are then ve 
gently heated until the excess of add has been evaporated, gre 
care being taken to avoid loss by spurting. The crucible and \ 
contents are then strongly ignited. 

The following shows the method of entering the resull 
and making the necessary calculations. 

Example, — Determination of the amount of sulphuric ac 
in copper sulphate, by precipitation as barium sulphate. 

Grams. 

Weight of tube + CUSO4 (before) 9-7612 

„ „ (after) 8*6066 

Weight of CUSO4 taken 1-1546 

Weight of crucible + BaS04 4- ash 17 -1024 

„ alcne 16-5216 

1-0808 
Weight of filter ash -0022 

„ BaS04 1-0786 
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When the weight of a pRe^cGftS& niw yasa, mcsirainss^L 
it is necessary to calcnlate ihaz rjf ^Eia ymscnam ^slk 
weight of which we wish to ksm. : ?nia s hzu& sy '=ie leiz 
of the atomic weights gxren in the Aprourx. 



In the present exjunple, w& ^rsc r»iti-L^ "x: kaiiw T2»f 
amount of (SO4} whiA is eqTxiTaLiiii k I-]r*«f £rfc,Tirf> 
BaSO^. 

The molecular weight of B»SO^='J33 B*= 157. S = -3::- 
04=64=233), and this contains *6 par» fcj ^'£%^- '^f S«?^ 
(S = 32, O4 = 64 = 96). 

Then, as 233 : 96 :: 10786 : x. x = 0-44« gram SO^. 

We thus have 0*4444 gram SO4, from l-lo46 grams 
CiiS04,5H2O, so, to ohtain the percentage, we say — 

Ab 1-1546 : 100 :: 0-4444 : x. x = 38 • 49 per cent. 

That is, we have found 38*49 per cent, of SO4 in the CaSO« 

SHjO operated on. 

We have now to see if the analysis is correct or not, by 
checking it against the numbers demanded bv theory. 

The molecular weight of CuS04,5H20 = 249 • 5 (Cu= 63 • 5, 
S = 32, O4 = 64, 5H2O = 90 = 249 • 5), and this contains 96 
parts hy weight of SO4, consequently. 

As 249*5 : 100 :: 96 : a?, a? = 38 -48 per cent., hence tbo 
error in the estimation = — 0*01. 

A difference of * 2 per cent, from the numbers demanded 
^y theory, or from the result of a duplicate analysis, is the 
mean maximum error which is usually allowed in the case of 
simple quantitative estimations. 

Estimation of Barium in a Soluble Compound. 

25. Inasmuch as the estimations involviDg i]ui mum 
methods of manipulation as required in tlii^ fm;vi/;iM ^u 
ample, are amongst those most frequently iMs^snrrinfK fii |jm#- 
works, it will be adviaMe to gain furihusr ^aL\f<(lWwM^ 
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same, by eatiTnatiTig the amount of barium in a soliLble salt, 
the operationa bemg almost identical with those deeczibed 
in (24). 

The barium is precipitated aa harimm amlphmtSy and weighed 
in ihie form. 

Weigh out from a weighing bottle abont 1 gram of pore 
recrystalliaed barinm chloride (BfkCl^^2H^O) into an 18- 
omice beaker; duisolve the salt in aboat 100 g<^ of distilled 
water to which a few drops of dilute hydrochloric acid have 
been added. Heat the solution to boiling, and add an ex- 
cess of dilute sulphuric acid ; keep up a boiling heat imtil 
the precipitate becomes compact and readily settles down. 
Allow the precipitate to settle down completely, decant the 
clear liquor through a No. 5 Swedish filter, wash, the precipi- 
tate twice with hot water by decantation, filter, and finish 
the washing on the filter. The last washings must give no 
precipitate with BaCl^ solution. Dry the precipitate in the 
water oven» and ignite it as described under the estimation 
of (SO,). (24.) 

From the weight of BaSO^ thus obtained, the percentage 
of Ba may be calculated. 

The following expresses the reaction : — 

BaCla -h H^SO, = BaSO* -h 2 HCL 

Consequently every 233 parts of BaSO^ are equiyalent 
to 137 parts of Ba. 

EsTtMATiosr or Absekic as Aesesious Sulfhidi. 

20. ThU mutkod is appiicatle la ike determinatiam of sul- 
pkwniied hifdrKMjffm ta gas liqmor or w crude coal gas. 

Weigh out accurately a little more than half a gram of 
pun> r^ublimed arsenious oixide, place it in an 18-ounce 
tlask, and add about 50 ee. of dilate hydroddoiic add. 
Heat the tias^k on a watisr bath until all the oxide is dis- 
eiolv^« being caivful not to allow the temperature of the 
solution to attain 100"^' CX> or some of the aiaenic will be 
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▼olatilised as chloride. A few drops of sulphurons acid 

solution are then added, in order to convert any AsjOg that 

may be present into AsjOg, and the heating on the water 

l)ath is continued until all smell of SO2 has ceased. The 

arsenic is then precipitated as AsaSj, by passing SH2 gas 

through the solution in the following manner. The flask 

containing the solution of AsaOg is provided with a doubly 

perforated india-rubber cork, through one of the holes in 

which a glass tube passes, bent at right angles, and reaching 

nearly to the bottom of the flask. A glass tube passes through 

the other hole also, one end of this tube terminating just 

Wow the bottom of the cork, the other end being slightly 

' contracted in order to prevent air from diffusing into the flask. 

t Sulphuretted hydrogen gas is then passed through the first 
tabs into the liquid in a gentle stream, until the liquid is 
Batorated with the gas. The flask is then left for some hours 
in a warm place, in order to ensure complete precipitation. 
In very accurate experiments, CO2 gas is next passed through 
the liquid until the excess of SHg is removed. During the 
passage of the CO2, the liquid is gradually heated to boiling ; 
this makes the precipitate more dense, and consequently 
more easy to wash. 

If care is taken that the precipitated AsgSs is kept covered, 
and is not much exposed to the air, the passage of CO2 may 
he omitted. Filter through a double tared filter which has 
heen dried at 100° C. (20), and wash the precipitate with hot 
water containing a little HgS, until it is free from HOI. Test 
the filtrate and washings to see if all the As is precipitated, 
hy saturating the liquid with H2S gas, and allowing it to 
rtand. If any further precipitate is thrown down, add it to 
fte main portion on the filter. 

Dry the precipitate at 100° C. in the water oven until 
the weight is constant. Since the precipitate may contain 
a little free sulphur, it is necessary to treat it with carbon 
hisnlphide in the same manner as described under cadmium 
(27). After this treatment, the precipitate iB agam Qina^ ^\ 
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lOO^ C^ «bl ii SjLaJlj wei^&ed. From the weight of tl 
AsyS^ oijtftzB^d, the peREBSage <^ As k cilciilated. 



A. 246 : 15.> :: ^^^^^J^^^J*^ = ^naght of arsenic 
19S puti of A&jO, ^flnli jieU 246 fwtB of As^S,. 

Esumahqs or Cadkicii, jks CAumni Sulfhidb (CdS). 

27. Tlttwife^aiyiieei^Joyetf nOeeiiMHtfM 
iiWl' coal ^lo* hf Btfoaf ig/cmdmimm tMoride, 

Weigh o«t aocmntelT ahoot 1 giamof pure leciyBtalliM 
cadmiiim nlphate {C^O^^Eifi\ BiasolTe it in abont 21 
ex. of distilled, water, and add a few drops of dilute HC 
Pmb a current ai SH, into this section, until it smel 
strongly of the gaa. FUter off the pirecipitated cadmia 
Bolphidey making sure that aQ the cadmium has been pr 
cipitated, hy diluting a portion of the filtrate and passii 
SH, through it again. If no further precipitate is thro^ 
down, collect on a tared filter (20) and wash the precipitai 
first with dfluted sulphuretted hydrogen water mixed wii 
a little HGl, and finally with pnre water. Dry the filt 
and precipitate in the water OTen, and weigh. The pi 
cipitate sometimes contains free sulphur. In Tery accura 
determinations, therefore, the dried precipitate should ] 
repeatedly washed with carbon bisulphide, as long as ai 
residue is observed on evaporating a few drops of the was 
ings upon a clean watch-glass. The precipitate, after it 
foeatment, is again dried and weighed, auy difference I 
tween the two weighings being due to the remoTal of h 
sulphur. From the weight of CdS obtained the percenta, 
of cadmium may be calculated. 

CdS Cd 

As 144 : 112 : : ^ '^obtained^ ^ ' weight of oadmiun 




Estimation of Calcicm. 
28. TUi method i» applieabU to the delermiaalioft of Ume. 
The calcium is precipitated a> ealciam oxalate, and weiijhe.d 
tilher as carbonate or as oxide. 

Weigh out accurately into an 18-ounco beaker alwat 
1 gram (not more) of pure calcium carbouatfl. Moisten it 
vrith distilled water, and dissolve it in dilute HCl. The 
beaker slionld be covered with a clock-glass, and the HCl 
added very cautiously, so as to prevent loss by the effer- 
TOBoence set up by the addition of the acid. The resulting 
•oliition is then diluted with distilled water to about 100 c.c, 
ud the liquid healed nearly to boiling; a elight exocHs of 
nlution of ammonia is then added, and finally a muderute 
noesB of ammonium oxalate solution, after adding whioh the 
liquid is allowed to stand. As soon as the precipitate has 
completely subsided, pour off the Biipematant liquid through 
I filter, being careful not to disturb the precipitate. Wash 
tiie precipitate in the beaker with hot water two or three 
times by decaotation ; and finally transfer the precipitate to 
the filter by means of a glass rod tipped with india-inbber 
tobing, and the jet of the waab-bottle. The washing of the 
precipitate on the filter is then continued, until the last por- 
tion of the wash-water no longer turns a solution of nitrate 
of silver milky. When that st^;e is reached, the filter and 
precipitate are dried in the water oven. The next operation 
it to convert the precipitate of calcium oxalate into calcinm 

, l&rbonate. The precipitate is transferred, as completely as 
^ible, to a platinum crucible, and the filter-paper burnt in 
» platinum wire spiral (196), the ash also being allowed to 
iiU into the crucible. The crucible is then heated with the 
lid on, very gently at first, and finally to very faint redness 
fcr ten minutes. The bottom of the crucible must only 
^pBsr of a faint red colour when ehaded from direct light. 

: The CTUciblo ia then placed in the desiccator, and when 
nld weighed. During fie prooesB of ignition oi ft* flteiita 
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precipitate, especially if it is at all over-heated, a portion oi 
the calcium carbonate is often converted into calcium oxide 
(CaO) ; hence, after the first weighing, the contents of the 
crucible should be treated with a little strong solution of 
ammonium cai'bonate, which converts any CaO back again 
into CaCOg. It is then placed again in the water oven to 
dry, heated to faint redness for a few minutes, allowed io 
cool, and weighed once more. These operations are all 
repeated, until the weight no longer increases by the treat- 
ment. From the weight of CaCOa finally obtained, the 
percentage of calcium may be calculated. 

Mol. weight Atomic weight 

of CaCOs of calcium 

Afl 100 • 40 •• weight of CaCOa . weight of 

^^ ^"^ • 4U .. obtained ' calcium. 

The precipitate of calcium oxalate is, however, more 
readily converted into CaO than into CaCOs, especially if i"t 
is small in amount, say not much more than 1 gram. 

In order to convert the precipitate into CaO, the crucihlo 
and its contents are heated to bright redness for 15 minuted 
over the blow-pipe flame. The crucible is then allowed to 
cool, and weighed, and then heated again for 5 minutes in 
the same way, cooled, and weighed. These operations are 
then repeated, until the crucible ceases to lose weight. The 
weight of substance finally obtained when the weighings are 
steady, is that of the calcium oxide (CaO) plus the filter ash. 
From the weight of CaO thus obtained, the percentage oi 
calcium may be calculated. 

Mol. weight Atomic weight 
of CaO of Ca 

A« Kfi . 40 •• weight of CaO . weight oi 

obtained calcium. 

Estimation of Iron. 

29. This method of determination is applicable to the analysu 
of Bog Ore, 
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water, containing a feir fc>p« :f iilxst gt'^h -r-^r iciiL 3 

ike solution with saSeseot ^cprmg ^f^rfc mtti: th anrrtBr: ':3ft 

iron, which originmllj was in ufie ia r ^ua irnu zrx ihii jifT^ 

state. This diangentarhe knowo: ^} se maarLj -^JecTE*!. w^i^sl 

the further additioa of a drop '^t sc^ai^r srirfc &h3ii Litis ^ic 

create any brown OjIcKir in tne scLT^xn.: ens ':;5L*i laaa^r^ ": 

the ferric condition sh'jvid lie proT^iti *: t« rtiniruiGi^ :t uLi- 

ing a drop of the dilme ai^irciuii id & 'rTcc :if -a r^ssoly msMln 

floliition of potassiam femtrrazLi'ie. zlMxd zc & wiLr^e- pir-xTiiiS 

tile, when no hlne colour shaoU ^^^«Kr. Whiji isn soixiara 

is still hot, add an exoeaa of »l7ni>:<fi of azoair^ci 

and hoiL The preciintate is waeb^ ccjot cy 

by boiling it with water, and is tiKB. tsmcsf-zrr^l 'Uj a flz^T, 

the prooeas of filtiation being aceekzatcd. hj ibx esse of 1^ 

filter pump. — (17) The washing is coniLziiaeii tel^x zbft lktr«? 

washings do not give any precipitate wi.«zl Icilfcd wii2i a 

small quantity of BaCl^ solntion. 

The precipitate is dried in the water-OTen asi-d traEsferrcd 
to a cmcible. The filter is bomt apan &c«ni the precipitate. 
being added to the latter, which is then ignited at a bright 
red heat over a Bnnsen bnmer, nntil a constant weight is ob- 
tained. From the weight of Fe^O, obtained, the percentage 
of iron may be calcnlated. 

Of course, if the iron is already in the ferrit condition it 
mU not require the preliminary treatment with HSO^bnt may 
he precipitated at once with AmHO solution. It is necessary to 
note that the presence of certain non-volatile organic substances 
^prevents the complete precipitation of iron from its solutions by 
AmHO. The organic substance should therefore be completely 
destroyed be/ore jprecijntating with AmHO, bjf adding carbouale 
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of soda and nilrale of potath to tlie aoliilion, evaporating to d 
HEM, and fitting the reeidue. (If the iron is in the solid iti 
the organic matter may be at once got rid of by ignition at a i 
heat.) 

The iron la then diuoked ml fcy heating icitk dilute HCl, 
n mixture of HCl and HNOj, and the Jittered solution treated 



Fe,0, 

As 160 



Ff. 



weight of 
precipitate 
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Estimation of Alumina (A1,0,). 

30. The eatimation of AljOj occurs in the ajialt/sis of i 
Ore and in fire-clay. 

The AljOj i» -precipitated bg AmHO as AljO,. 3H,0. H 
in converted into AI^O, by ignition, and is weighed in thisfom. 

Weigh out accurately about a gram and a half of p 
reoryatalHsed potash alum AlK(S04)3l2H20 into a, platinu 
or porcelain dish. Dissolve the salt in about 150 g.o. 
distilled water, add a solation of ammouium chloride 
moderate quantity, and afterwards a slight e 
raonium hydrate solution (AmHO). A white gelatino 
precipitate of (Al^Oj, SHjO) will form. Cover the tssS 
with a clook-glaaa, and bring the solution to the boiling' 
point, oontinning the boiling, until the liquid has only a faint 
smell of ammonia. Wash the precipitate by deoantatiou 
and transfer it to a filter, employing the filter-pump to 
accelerate filtration. Continue washing the precipitate on 
the filter until it is free from dissolved sulphate. Dry in the 
water-oven, and ignite the precipitate with the fllter-papei 
in a platinum crucible. The crucible should be heated geott} 
at first, and gradually brought to a white heat over the hlow' 
jiipe flame. It should then be cooled and weighed, the igni 
tion being repeated uotil a constant weight is obtained. 

Fiam the weight of precipitate 
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of aluminium, but as a general rule alamininm is generally 
shown in analyses as combined with oxygen, in the form of 
alnmina AI2OS. 

Sepabation op Iron and Aldhina. 

31. Weigh out into a platinum basin about one gram of 
potash alum and half a gram of pure ferrous sulphate. 
Dissolve in a little distilled water, add hydrochloric acid 
and a few drops of nitric, and boil, in order to convert the 
iron into the ferric state. Then dilute to about 20 c.c. and 
add sufficient pure potash to produce a strong permanent 
piedpitate. Now add excess of strong caustic potash, and 
keep at a boiling heat, constantly stirring with a platinum 
lod to prevent actual boiling, until the Al^ 0, can be assumed 
to have passed into solution, and dilute, first as far as 
possible in the platinum basin, then by instalments, more 
largely, in a Berlin ware basin provided with a spout, and 
£lter ojff the ferric hydrate (¥efij,3Rfi). Wash the pre- 
cipitate thoroughly with hot water ; the result is that sub- 
stantially the iron and alumina are separated from each 
other. In general, however, what should be ferric oxide 
retains a more or less considerable portion of the alumina. 
It is necessary, therefore, to extract this alumina by re- 
dissolving the precipitate with hydrochloric acid, and 
repeating the treatment with potash. The crude ferric 
hydrate obtained cannot be ignited and weighed as it is, as 
it contains a certain amount of combined fixed alkali (KHO), 
wliich it carries down with it in the act of precipitation. It 
is requisite to dissolve it in hydrochloric acid, re-precipitate 
it by ammonia, and ignite it as in (29). From the alkaline 
liquors precipitate the Al^O,, by adding an excess of NH4CI, 
and heat the mixture until the NH, liberated is practically 
expelled, then treat the precipitate as in (SO). For a check, 
determine the iron and alumina conjointly by precipitating 
with NH3 and NH^CL 



r 
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ESTIUATIOS OF MaQBESIUM. 

32. Weigli ont aboat one gram of pure, dry, erysta 
inagneBium sulphate, place it in a half-pint beaker, ; 
dissolve it in about SO c.o. of distilled water. Add e 
Bohition of amnioniiira ohloude to prevent the precipitatioi 
of any magnesia on adding ammoiiia (about one gramo 
NH,C1 will be sufBoieot), the annnonia being added i 
considerable excess, A solution of phosphate of soda is 
added (about 1 '5 of cryafalHsed phosphate of soda dissolve 
in water) as long as it appears to produce a precipitate, t 
the solution is hrisklj stirred with a glusB rod, but ■withon 
rubbing the sides of the beaker ; the glass rod may be lal 
in the beaker. When the precipitate has subsided, 
drops more sodium phosphate are added to the clear liquid, i 
order to be quite sure that no further precipitate is produce 
The beaker is now covered, and left for about twelve honrs. 
The precipitate is thon collected upon a filter, of about 4 
inches in diameter before being folded, and is rinsed on tfaOr, 
filter with distilled water containing one-eighth of ita bulk* 
of strong ammonia, the same solution being subseqiienUyi 
employed for washing the precipitate, the washing beio^; 
continued until the washings, after being acidulated viiAt 
nitric acid, give only a very slight turbidity with a BoludoOi 
of nitrate of silver. 

The filter is then dried with the precipitate, and vrhea 
dry, as much of the precipitate as possible is transferred to w 
platinum crucible, which is then gently heated (the oove^ 
being loosely pUced on) and finally ignited at a red heat. 
In this way, the precipitate of phosphate of magnesium and' 
ammonium (MgNH,POj) is converted into magneaium 
pyrophosphate (Mg.^PaO,), which is allowed to cool, and 
weighed. It may then be emptied out of tho crucible (pr»>, 
serving it for subsequent examination if the result shouH 
not prove correct) and the filter may be incinerated by 
igniting it, and allowing the ash to drop into the crucib^ 
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contaiDing the precipitate. When cool, the crucible is again 
weighed, when the total weight of (MgaPaOv) will be obtained. 
(The above method of incineration is recommended on 
aoconnt of the filter-paper in this case being very difficult 
to bnm, from its retaining traces of phosphate, and it can 
scarcely be heated sufficiently to bum oflf the carbon on the 
top of the mass of precipitate.) 

The amount of magnesium is calculated by the following 
proportion : — 

^ma^'^um^ Two atomic weights Weight of ignited ^^^^^ 
py^KSl of magnesium precipitate -^-^-- 

222-6 : 48-6 : : : x. 



Estimation of Silica in Silicates. 

33. This method of estimation is used in the analysis of fire- 
bricks and fire-clay. 

The silica is converted into the insoluble form by evaporating 
the silicate to dryness with excess of acid. It is then rendered 
completely anhydrous by ignition, and weighed as silica (Si02). 

If a silicate is insoluble in acids it is first fused with six 
times its weight of fusion mixture (NagCOs + KjCOg) in a 
covered platinum crucible imtil all effervescence ceases ; the 
fused mass is then separated from the crucible by boiling with 
hot water in a covered evaporating basin, HCl being added 
if required, and then treated as below. 

If the silicate is soluble in water, or is capable of being 
decomposed by strong hydrochloric or nitric acids, it may be 
treated at once as below. 

A suitable substance for an experimental determination 
is soluble glass, or sodium silicate, which is one of the soluble 
silicates, and consequently will not require the operation of 
fusion. 

Weigh out accurately into a platinum basin about one 
gram of soluble glass in very fine powder, and moi^tftu tha 
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Jpowder with a little dislilled water. Having covered the 
basin with a clock-glass, place it npon a water-batli, ani 
fp^dually add strong HCt, at the same time keeping tli9 
<OOnt«uts uf the basin constantly stirred up by the aid of a 
gloEW rod rounded at the end. When the powder is com- 
pletely duooiuiK«ed, which is known to be the case as aeon as 
BO gritty [larticles are felt with the glass rod, remove the 
olook-gluss, and ooiitimie the heating until the liquid is 
cvaporatud to dryness. The mass should be continnally 
■tirred the whole time, any lumpa which form heing broken 
up by means of the glass rod. When the powder appears to 
be purfetttly dry it may he removed to a sand-bath. It is 
then gently heated with a small Bunsen flame nntil, on 
placing a cold clock-glass on the basin for a few seconds, 
there is no appearance of any moisture on the clock-glass. 
All the silica will now be iusohible. When the contents of 
the dish are cold, moisten the powder with strong HCl, and 
■warm it upon the water-bath ; then add hot distilled water, 
Btir the mixture well, allow the solid portion to settle, and 
decant the liquid through a filter. This treatment of the 
residue is repeated thi'ee times. The residue itself is then 
transferred to the filter, washed thoroughly with bot distilled 
water, and dried in the water-oven. The silica is nest de- 
tached from the filter as completely as possible, and the filter 
is incinerated in a coil of platinum wire, and added to the 
precipitate. The cnioible, covered with ita lid, is then gently 
heated, care being taken that none of the fine, light silica IB 
lost by being carried off with the escaping moisture ; the best 
way of preventing this being to apply heat to the crucible very 
gradually, and only after some little time, to increase the tem- 
perature until the crucible attains a bright rod heat, at which 
it must be kept for about a quarter of an hour. The crucible 
is then cooled in the desiccator, and when cold weighed 
in the usual mannet, being re-heated and weighed, until a 
constant weight is obtained. The percentage of SiOj may 
. then be calculated. In all determinations of silica, it is 
aeaeseary to test the SiO^ in order to eee iS ^t ^a ■?!«:&. "Yoa 



^m ignited silica is heated with about 50 o.c. of a saturated 
^m ulnticn of sodium carbonata fov aboat 30 minutes. Tbn 
H ailica, if purG, will then have completely diesolved. Shoald 
H My residue remain, this is again treated with Bodiuca car- 
H honate eolution, and if uow there should etlll a reaidne 
H ranjiin, it should be washed, driod, and weighed. This 
H wght, sabtracted from the weight of the silica obtained in 
H the first instance, will give the corrected weight of the silica. 
H Tlie dried residue is then fused with alkaline carbonates, the 
I mate when cool is treated with HCl, aod the SiO^ is soparatod 
Bud estimated as above described. 

■ The weight of SiO, thus found should be added to the 

■ Corrected weight obtained above. 

■ From the total weight of SiOj, the percentage of SiO^ may 
Hie calculated. 

I Estimation of COj m A Carbonate. 

H 34. Tieo methods of eatimaliag tie above are giuen. The first 

^method it hy weighing the GO] evolved on Irealing the carbonate 

nriih an acid; the second hy finding the loss of weight lehich the 

^arboaate suffers hy the removal of COj. These methods may be 

mmployed in the testing of the fresh and spent lime met viilh in 

mpuniiorks. 

■ (1) By direct weigbiDg. The COj is driven off on treating 
Wmte carbooate wilh an acid, and then absorbed by means of 
noda lime in U tubes and weighed. 

% Pure calcium carbonate, or crystals of Iceland spar, may 
n>e employed in the estimation. 

■ The apparatus used is shown in Fig. 24. 

I A conical flask o, having a capacity of from lOO to 
■250 cnbic centimetres, is fitted with an india-rubber cork 
Riierced with two holes. Through one of the holes a 50 c.c. 
^pipette h passes, this being filled with dilute HCl for the 
Hecomposition of the carbonate before the experiment is 
Bfarted. The lower end of the pipette should descend to 
Krithin about 1 inch from the bottom of tW ftsisV, sffii \ri 
Kairi) out to a £ne point. To the other eni oi 'On.ft ■^\^'A'!. 
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* JXHNK uf hidi»-Ta^^Br tnlnikg, thtnt 6 «- S inches long ii 
•■tUtiMid, aaii iIlw txuseeu lite faf«tte with the U tnba 
« fiUtid -riili acids lime. Tbu U tube ia open to the atmo- 
afAjKn *x UK «kd, utd » islotded to remore the CO, &dpi 
tli« «ir. «b«o ii is nqaireid to acpii«te the aune tfaraagli the 
afp«nT«&. Tb« ii>di*-nilA>CT tube is pronded with e. eaew 
|jiiK.-b-<wck. to u to oj'en or close the oonnectioa with tbe 
L' tube e «t pk^anre. Through the other hole in the ooik 
of the fla»k a pk<oe of gins tobing, bent «t right aiiglee, u 




Fio. 24. 

iiiBevted to tlie depth of about an inch. Thie serves to connect 
tl)0 outlet of the flask with the remaining portions of the 
train of apjkaratua, consisting of bnlb and tJ tubes, oonneoted 
liy means of india • rub\>er tubing ae shown. These are 
iiiteiu1iM\ for drying, purifying, and absorbing the CO^ gas 
given off in the flask a. The bnlb tube d contains strong 
au]{>hurieaoid. and its object is to free the gas front moistore; 
but it is also useful in denoting the speed at which the gas 
or »ir iaawa from the flask a. lAate^'a -5ci\a^\;ii&«. «: 
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'Well for the purpose. The acid shonlcl about half fill the three 
^xjttom bulbs. The U tube e has the limb nearest to the 
hulb tube filled with fragments of calcium chloride, the 
otiieT limb being filled with fragments of pumice impreg- 
nated with dehydrated sulphate of copper, in order to absorb 
the yapours of HCl given off during the heating of the 
flask a. The stoppered tube / is the one intended for the 
absorption Of the CO2 from the carbonate, and has the limb 
next to e, and half the other limb, filled with crushed soda- 
Kme, the remaining poi-tion of the limb being filled up with 
fragments of calcium chloride. During the process of 
absorbing CO2 the soda-lime becomes heated, and in con- 
sequence moisture is evolved, this is taken up by the calcium 
chloride in the upper part of the limb, otherwise loss of 
weight would occur by reason of the escape of moisture. 
The remaining tube g is filled with fragments of calcium 
chloride, and' is connected with a water aspirator h, which is 
employed to draw a current of air through the flask and tubes 
at the end of the experiment, so as to cause all the CO2 to 
be sent forward to the absorption tube/. 

The U tubes employed may be of two kinds, those not 
requiring to be weighed being of the 
form shown in Fig. 25. They are 
prepared for use as fuUows. In the 
first place they are washed perfectly 
clean with ordinary water, and finally 
rinsed with distilled water. They 
are then dried in the water-oven, and 
when quite dry they are ready for 
filling. Before filling them, however, 
it is necessary to see that the absorb- 
ent is in a proper condition, by crush- 
ing any large lumps and by rejecting any fine powder that 
may be present. This is necessary for the reason that as the 
absorbent takes up the gas by surface contact, the smaller 
the lumps, the larger is the absorbent a\iTfac» ^leaeuted 
to the current of the gaa. On the othex "koiiA/ii Aik'^ ^ 




Fig. 25. 
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■of b eat w«r« in tbe' state of fine povder, Utia would mme 
lew flompletelj fill np intentKea, and in this waj itbpa 
or even entirel; stop the pusage of the gaa. An afaeorix 
nay be pnpared in a proper oooditioii for lua in I 
foUowing manner. The sohstanoe is IStst ooAnelj powdn 
in a porcelain mcotar, and the remltant powd«r is ehsktn np 
a fine braas wire neve, of aboat twenty strands to the iai 
the sieve bviog perfectly clean and dry. The pordoa passi 
tfaioDgh the siere is rejected ; the remainder is then pan 
thitmgh a coarver aieve of only eight etrande to the inch, 
aa to separate ont the lai^er Inmps. The emallt 
which pass throagh this neve may then be Ufed for 
tbe ateorptioD t&bes, and the larger Inmpe remaining behii 
are broken np again in the mortar, and again mfleA i 
abov^e. Tlie I' tnbo is then filled with the absorbeot np 
the level of the side tabes, and a looee ping of cotton-wD 
placed on the top, so aa to prevent amall particles of lb 
abBorbent from being carried throngh the side tubes by tb 
issuing gas carrent. Two eoond corks are then selected 
as to tightly fit the open ends of the U tubes, and wb 
fitted into the tnbea, tbe top of the cork is cut off level wit 
the top of the tube ; finally the top of the cork is coated wil 
melted sealing wax, to as to make it perfectly gas-tight. 

When the absorbent is in the tnbe, it is most essential 
protect it from contact with the atmosphere, and this mi 
be effected by pushing over the side tubes short pieces 
india-rubber tubing, dosed with small pieces of glass re 
These plugs are only removed when the XJ tubes 
oonnected up for use, or while they are beiag weighed. Tub 
« and y are filled in tbe manner above described. 

The copper sulphate on pumice contained in the tube 
prepared in the following manner. 

Lumps of pumice are broken up and sifted as juat 
scribed, and the sifted particles are then heated with 
moderately strong solution of copper sulphate. The excess 
lignid is jkhiiwI ofT. and the pumice, which is now thorough! 
VtunUHi with the solution, is \l«^eA Hj^ ^ «x-*^<^ \i» 
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mperature of 200 C, until debydrated, as shown ty the 
Hue colonr of the salt disappearing. It may then be used 
r partially filling the tube e. 

Por the absorption tfibe /, which contains soda-lime for the 
jmrpose of taking np the CO2. as this tube is weighed, it 
U be more convenient to une the modem form of stoppered 
These stoppered tubes dilfer from those ordinarily 
tmployed, by having a hollow stopper, ground into the 
Bpper part of each limb. At the aide of the hcdlow stopper, 
level with the opening of the side tube, is a per- 
iraldon, so that by simply turning tbe stopper round, 
nioation between the TJ tube and the side tabe may 
e opened or closed as required \ and as the stoppers, when 
greased with a little resin cerate or vaseline, close tbe tnbe 
?uite tightly, contact of the absorbent with the atmosphere 
) prevented by simply turning the stopper ; con- 
sequently it is not neceasary to cover the side tubes, as in the 
ordinary form of U tube. A plug of cotton-wool is loosely 
inserted in these stoppers, so as to prevent small particles of 
_ the fragments from being carried out of the tube. The 
)da-lime for filling the tube / may either be purchased, or 
repared in the following manner. Slake 200 grams of the 
est flare lime lo a fine powder. Add 400 cubic centimetres of 
syrupy caustic soda solution. Mnke into a paste, dry quickly 
in a large copper dish protected from the access of COj, and 
granulate by constant stirring. 

The tube is then filled with this material in the manner 
already described. The aspirator ft may be improvised from 
a Winchester quart bottle in the following manner : — 

A sound cork is selected to fit the neck of the bottle, and 
perced with two holes. Into one of the holes a piece of 
s tube, bent at right angles, is inserted, so as to just pass 
rough the cork. Through the other hole, another glass 
■be bent at right angles passes, but in this case it passes to 
B bottom of the bottle. When in use, a piece of india- 
r tubing is attached to the longer glass tube, reaching 
Y the level at tbe bottom of the bottle, m Qiiix \^H.S.\. 
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may act as a Bjpbon. At the bottom of the india 
tube there is a screw pinoh-cook, in order to regnlate t 
flow of the wiiter. When required for use, the bottle ' 
filled with water, ami suction ia applied to the syphon tn 
until it is also filled with water. As soon as this ttibe is fille 
a contiauous alream of water will continue to flow. After tl 
suction is stopped air will replace the water Ju the bottli 
and in. this way a continuons current of air can be draw) 
through the train of apparatus when they are attached to & 
shorter tuba in the bottle. The rate of aspiration is eta 
trolled by the screw pinch-cock. The next operation is i 
test the apparatus for soundness. The tubes and flask at* 
connected up by means of short pieces of india-mbber tubing 
the glass tubes " butting" against each other. To the e; 
tube g a piece of glass tubing is attached, dipping into i 
beaker of water. Gentle suction is then applied at the 
outlet of the tube c until the water rises to about the 
of 6 inches in the glass tube attached to g. The screw pinolt 
cock on 6 is then closed. If the level of the water ii 
tube does not alter during the space of ten minutes, we n 
safely conclude that the apparatus is air-tight, but if thelevd 
of the water in the tube falls the apparatiis leaks some whereJ 

The position of the leakage must be discovered i 
remedied by binding the leaky joints with fine copper wit* 
and, if necessary, replacing any defective india-mbber tubal 
with new ones. When aU the joints have been made tighl^ 
the soda-lime absorption tube /, previously wiped clean an< 
dry, is carefully weighed, and replaced in the train of appa 
ratus. About 1 gram of calcium carbonate is then accurately 
weighed and placed in the flask a. 

The pipette b is then filled by suction with dilute hydro 
chloric acid (1 : 3), the acid being retained in the pipette 
by the screw pinch-cock. The cork carrying the pipette i» 
then inserted in the flask a, and is bound down to the ueok 
of the flask, if necessary, by means of thin copper wire. 

The aspirator and the U tube c, not being required until' 
a later stage of the process, areuot coTtneiAeiliaT \Wi -^Tessiifti 
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The pfnch-cock on the pipette is now slightly opened, so 
as to allow the acid to slowly fall on the CaCOs in the flask. 
Carbonic acid gas is given oS, and drives forward the air 
in the flask through the train of apparatus. The bubbles of 
CO2 should not pass through the bulbs containing sulphuric 
acid, at a greater speed than that at which the bubbles can 
be easily counted. When all the acid has passed out of the 
pipette into the flask, the pinch-cock on the pipette is closed, 
and as soon as gas has entirely ceased being evolved, the 
point of the pipette is gently pushed down beneath the 
Burface of the liquid in the flask. The U tube c, and the 
aspirator 6, are now connected to the rest of the apparatus, 
i the pinch-cock on the pipette is opened, and the aspirator 
I gently started. A small Bunsen burner is then placed under 
the flask a, so as to cause the contents of the flask to be in a 
state of incipient ebullition, in order to drive off all dis- 
solved CO 2- The current of air drawn through by the 
aspirator replaces the CO2 gas in the apparatus in front of 
the weighed soda-lime tube/, and carries it forward into the 
l&tter tube. The speed of the air passing through should be 
SBch that the bubbles can be counted as they pass through 
the drying bulb d, the speed being r^ulated by the pinch- 
cock on the syphon pipe leading from the aspirator. In 
order to expel the whole of the COg, a volume of air c^|ual 
to about six times the capacity of the flask shonlrl be drawn 
through the apparatus. A guide as to whether the 00^ liait al 1 
^n absorbed, may be found in the temperature of the ikxJa- 
lime tube. At the commencement of the experiment it wjij U; 
noticed tbat the soda-lime tube becomes very hot, r/wiug Vj iUh 
heat generated by the chemical combination of the (^)^ t$uf\ iUh 
soda lime ; but as the absorption ceases, and air nh/W'. jftttm^m 
through, the tube becomes cool ; hence, wi*en tli^ mfh^-Wtuh 
tube attains its normal temperature again, ibe gr^;ater j/^r t ot 
the CO2 gas will have been absorbed. Wluui imSu^ti Mit 
^8 been drawn throngb, the aspiiatoir is ibiii fAf^ mA U$h 
stoppers of the soda-lime tube are tmned Ki M Vi %^im \W 



inlet tubes, the Boda-Ume tuba is disconnected, and aft 
standing for about half an hour is woighed. Any increa 
in weigbt over the weight at the commencement of t' 
esperiment is the amount of CO3 given off from the calcini 
carbonate experimented on, aud from these weights, 
liercenUge of CO3 in the CaCOi can be calculated. 

(2) Estiniatjon of CO.j by difforenoe. The COj gas ie 

pelled by treating the carhonata with an acid in a Buitofa 

apparatus, the loss of weight obsem 

Q ^ being the amount of CO^ 

f4 Q" This method is more adapted for carboj 

!^/^Z\ ates which are completely decompoB 

by HjSO„ since, when more volatile at' 

(II CI, &c,) are employed, the results % 

generally too high, owing to 8' 

acid being driven off by the heatingi 

the latter stage of tho experiment. T 

apparatus known as " Schrottors," i 

26, may be employed in the detennin 

tion. It is made of thin blown glM 

and its total weight should not eii 

50 grams. It consists of a flask a 

Fig. 26. which the decomposition of the o 

Coramuni eating with the flask there are two oompS 
ments, b, and c, also an opening d, provided with a ^ 
stopper, for the purpose of introducing the carbonate into I 
flask. The compartment h is filled with dilute acid, whl 
is subsequently gradually allowed to fall into the flatjl 
for the purpose of decomposing the carbonate by t 
the stop-cock. The compartment c ia half filled T 
strong sulphuric acid, for the purpose of drying the C 
gas before it leaves tho apparatus. The gas passes 
through tho vertical inner tube, then down again, and I 
through the two holes at the buttom of the second ta 
It then bubbles up through tho strong sulphuric a 
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efore escaping through the upper exit tube into the air. 
Hie experiment is made as follows. About 1 gram of 
tihe carbonate (say sodium carbonate) is aocnrately weighed 
and introdnoed into the flask a, by the opening d. The 
oompartment h is then nearly filled with dilute snlphnric 
add (1 : 5), and the oompartment c is half filled with ttrcmg 
sulplmric acid. The whole apparatus is then aocnrately 
weighed. The dilute acid is now gradually allowed to 
fall into a by gently turning the stop-cock. As soon as 
the acid begins to act on the carbonate, bubbles of gas 
will be observed passing through the strong acid in c, and 
it is requisite to regulate the speed at which they pass 
by adjusting the rate of admission of the dilute acid, so that 
tlie separate bubbles can be easily counted. If the bubbles 
pass more rapidly than this, the gas will be imperfectly 
dried. When all the dilute acid has flowed into the flask, 
and bubbles of gas are no longer observed, the apparatus is 
placed upon a piece of wire gauze on an iron tripod, over a 
small Bunsen burner. At the same time, the aspirator 
6mploy9d in the previous experiment is attached by means 
of a piece of india-rubber tubing to the exit tube of c, and a 
gentle current of air is drawn through the flask. The liquid 
is then kept in a state of incipient ebullition, until a volume 
of air equal to about three times the capacity of the appa- 
nitus has been drawn through it. The flask is then allowed 
to cool, and when cold weighed. The loss of weight sustained 
gives the weight of COsin the sodium carbonate operated on. 
As the results by this method are usually too high, it is not 
adapted for very accurate determinations. The error is due 
to the loss of water and acid during the heating and 
aspiration. 

Note. — If sulphites or sulphides are present, in addition 
to a carbonate, as is sometimes the case with spent lime, 
their injurious influence is best obviated by adding to the 
substance a solution of yellow chromate of potash, in more^ 
tiian sufficient, quantity to effect their oxidatiou^ 
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PAET m. 

TOLUMETBIC ANALYSIS. 

lutrodudon/ Refmarht. 

The main principle upon which the system of Tolnmetnc j 
analysis depends, is that of submitting the sabstanoe to be - 
estimated to certain characteristic reactionB, such reactions 
lieiug prodnoed by the employment of solutions of knoim 
{Strength; and from the Tolume of solution neoeflsaiy to 
jiroduoe such a reaction, the weight of the substance n 
determined hj the aid of the laws of chemical equiyalence. 

The foUowing conditions are ther^ore essential to the 
suooessful carrying out of analyses on the yolumetric system, 
as applied to liquids and solids. 

(1 ) The provision of a solution of a suitable reagent, the 
chemical power of which is accurately known, called the 
'* standard solutdon." 

(2) The provision of a graduated vessel, from which 
portions of the standard solution may be exactly delivered) 
such vessel being known as a " burette." 

(3) The reaction produced by the standard solution with 
any given substance must, either in itself or by an indicator, 
}ye such that its termination is strikingly apparent to the 
eye of the observer, and the quantity of the substance with 
which it has combined accurately determined thereby. 

The following example of the estimation of the amount 
of chlorine in a substance, by means of a solution of nitrate 
of silver, will serve as an illustration of the method of 
volumetric analysis. The estimation depends upon the fact, 
that if we add to a solution of a chloride a solution of silver 
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litrate, in the presence of a solation of potassium chromate, 
afi soon as the silver nitrate is added in excess, it produces a 
permanent dark red precipitate of silver chromate; con- 
sequently the appearance of a slight red coloration 

tlxronghont the whole of the liquid, is an indication of the 

completion of the reaction. 

The following equation shows what takes place : — 

NaCl + AgNOs = AgCl + NaNO,. 

Consequently, if we have a solution of nitrate of silver, 

prepared by adding a definite weight of that substance to a 

known volume of water, on adding this solution to a solution 

of Bodinm chloride, until the reaction mentioned above takes 

place, every 170 parts of nitrate of silver required, indicates 

the presence of 35 * 5 parts of chlorine, or the equivalent 

weight of any chloride. 

In an estimation of the amount of chlorine in a substance 

^7 this method, a solution of silver nitrate was employed 

which contained one-tenth of the molecular weight of .silver 

nitrate, or 17 • 00 grams per litre (= 1,000 cubic centimetres) ; 

consequently, from the equation previously given, each c.c. of 

the solution was equivalent to 0* 00355 gram of chlorine. 

2*6223 grams of the substance were weighed out and 

Solved, and required 27 ' 5 c.c. of the silver solution for 

neutralisation. 

Consequently the weight of chlorine in the substance 

= 0*00355 X 27-5 = 0*097625 gram, and the percentage 

0-097625 X 100 
weight of chlorme = 3 '72. 

The operation of determining the amount of pure sub- 
stance in any solution by means of standard solutions is 
termed "titration." The term is more applicable to the 
operation than testing or analysing, as these expressions 
may apply equally to qualitative and quantitative examina- 
tions, whereas titration can only relate to quantitative 
examinations. 
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Volumetric determinations may be broadly classified ink 
three methods : — 

(1^ The determination of the sabstance is effected hj 
saturation with another substance of opposite propertiflK 
Tliirt class embraces the analysis of acids and alkalies, aod 
alkaline earths, and is the one which is the most frequenlif 
used in gasworks. 

(2) The determination of the substance is effected, l^i: 
reducing or oxidising agent of known strength, the prinoi{d0i 
oxidising agents being potassium permanganate, potassiiui 
bichromate, and iodine, and the corresponding reduciiig! 
agents, ferrous and stannous compounds, and sodio thiosol* 
phate. This method of analysis is employed in the analyidl 
of oxide of iron, and of Weldon Mud. 

(3) The determination of the substance is effected ly 
precipitating it in an insoluble and definite combination, ai 
in the case of the determination of chlorine, previously dd- 
Kcribed. 

NoTi'^s ON THE Measurements of Liquids as Appued to 

Volumetric Analysis. 

35. The metric system of weights and measures is the 
Olio usually adopted in systematic volumetric analybis, anl 
the capacities of the different measuring vessels employed 
are based on the volume occupied by the weight of 1 gram 
of distilled water at a temperature of 15-5° C. = 60° F., this 
volume being called a cubic centimetre. A litre weighs 
1000 grams, and has a capacity of 1000 cubic centimetres. 

It is necessary to point out, however, that this is not the 
true, or normal cubic centimetre, as the flatter contains 1 
gram of distilled water at its greatest density, viz. 4° C^ or 
^9° F., but as this is a temperature not often attainable in 

H country, it is better to adopt the temperature most easily 

ined, viz. 15-6° C, or 60° F. The true cubic centimetre 

= 1 gram at 4° C, ox S9° "F.") cciitaiTi^ oivly 0.998981 

' ut 60° F. ; but as the measuTcm^ ^^«a.^^ ^T'6^^sfc^'ss 
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kscertaining relative^ and not absolute Yolnmes of liquids, if 
ill tlie vessels employed are graduated on the same basis no 
error can arise. 

If necessary, the contents of a vessel can be reduced to 
absolute volume by means of a correction based on the 
expansion of vrater at different temperatures, as given in the 
Appendix. 

It is very essential to see that the temperature is 

t omstant when graduating measuring vessels, since the 

■ 'Volume of a liquid alters very considerably under different 

changes of temperature. Glass measuring vessels are always 

\ marked with the temperature at which the liquid is to be 

measured in them. 
g- 36. Measuring vessels are required either to measure or 
1^ to deliver liquids, and the capacity of a glass vessel is indi- 
t eated by a horizontal line scratched upon its surface, which 
r shows its capacity to that particular level. Some vessels aro 
t mtended both to measure and to deliver liquids. In this case 

it is necessary to have two marks; one of these is for the 
\ purpose of measuring the volume of a liquid, the other serves 

to deliver the same volume. 
[' The surface of liquids contained in narrow tubes is 
f always curved, by reason of the capillary attraction exerted 
\ by the sides of the tube, and in consequence, it is rather 
[ difficult to obtain a distinct level in the liquid to be measured. 
' If, however, the lowest point of the curve or meniscus is 

caused to coincide with the graduation mark, a correct read- 
ing is always obtained. 

While the volume of a liquid is being read off it is very 

essential that the measuring vessel is placed in a perfectly 

vertical position. 

The accuracy of all measuring vessels should be carefully 

ganged or "calibrated," by weighing definite amounts of 

distilled water in them, at a temperature of 15*5° C. 

The vessels usually required in volumetric analysis 

are measuring flasks, test mixera or measuring cylinders, 
pipettes, and burettes. 
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ST. A ocmTnnSeoit maj a fc <€ measmiiig flasks is the follow- 
ing^ :--^'l I K<«C*c.<L. (2 4 K«dcA, (3) tSOcjG^mMid 100 co. Tlie 
£iifiks fiboald lie £taed wittk mdl-ffommd glunn stoppers, and 
tlrt- grMJ-iiMM ssiks tifefeck iask slioiild be near the middle 
cif liie nec^ wiuc^ aboald lue narrow, in order to ensaie 
aocnste readings. Tlie space between the marks and 
ctofiper aUon tibe liqnid te be more readily mixed bj agita- 
tktt. Tbe flasks slKnU be made ibin enoogb to stand being 
beased witbomt risk of fracture. Fig. 27 8how8a 
Q ocmTe&ient form of litre flaak. 

T^ lleasiiiiBg flasks aie nsed both for measnring 

and for deliTeiing liquids, oonaequently two 
marks are required. When tbe flask is filled to 
tbe lo«ier mark it cf tains a certain volume, and 
when it is filled to tbe npper mark, the same 
Tolome can be pooled oot^ or delivered from the 
flask. 

Fig. 27. Before a measuring flask is nsed, it is neces- 

sanr to ascertain whether it contains or deliyers 
exacthr the Tidnme marked npon it at the given tempera- 
ture, this operation beiog known as ^calibration." 

In order to calibrate a flask for omtaining or measnring 
it is first made qnite dean and dry. It is then placed npoi 
the pan of a sensitiTe balance, and gram weights equal i) 
value to the number of cubic centimetres which the flasl 
should contain, are placed on the pan beside the flask. Th 
flask and weights are then exactly counterpoised by mean 
of lead shot placed upon the other pan. The flask and wei>> hi 
are then removed. The flask is placed upon a level surfao 
and distilled water, at a temperature of 60^ F., is poured inl 
it, until the lower graduati<m mark on the neck is exacti 
coincident with the lowest point of the meniscus of the su 
face of the water. The neck of the flask above the mark : 
then carefully dried, and the flask (without the weights) is n 
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placed upon tlie pan of the balance. If the balance is again 
in exact equilibrium, the flask is correctly graduated for 
meastiring or containing. If the balance is not in equi- 
Hbritim, then the flask may be regraduated correctly, or a 
oorrection may be applied each time the flask is used. 

In order to regraduate the flask correctly, all that is 
neoefisary is to add to, or take away water from that already 
in the flask, until the balance is in equilibrium. The flask 
n then placed on a level surface, and a scratch made on the 
. neck with a triangular file, or diamond, on a level with the 
lowest point of the meniscus. This will be the true level 
when me<uuring liquids. 

In order to calibrate a flask for delivering^ the flask is 
iilled with distilled water to the mark on its neck. The 
water is then poured out, the flask inverted, and allowed to 
drain for fifteen seconds. The flask, with any remaining 
water adhering to it, is now placed upon one pan of the 
Wance, the neck having been previously closed by the 
stopper, in order to prevent loss of weight by evaporation. 
Weights are then placed on the same scale-pan, and by the 
of the flask, the value of the weights in grams being 
to the number of cubic centimetres which the flask is 
to deliver. The flask and weights are then counter- 
by means of shot placed upon the other pan of the 
Wance. The flask and weights are now removed from the 
scale-pan, the flask placed on a level surface, and accurately 
filled to the delivering mark with distilled water. The 
stopper is then inserted, and the flask replaced on the balance. 
If the balance is still in equilibrium, the flask was correctly 
graduated in the first instance. If the balance is not in 
equilibrium, the flask must be regraduated in the manner 
described for graduating the flask for measuring. When the 
corrected volume is obtained, that quantity will be delivered 
ty the flask when it is filled exactly to the delivering mark, 
ftnd is allowed to drain for fifteen seconds after pouring out 
the liquid. 
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7«if Mijunfar HeamBrimg Cylinders, 

38. Test mixos are tall cylindrical vessels, standin 

YmjoA hmaty anti proTided with stoppers, as shown in F 

They are used to prepare test acids, test all 

r\ and irimilar solutions, by the dilution of strong 

>-T^ tions to others of a fixed strength. These \ 

are usually graduated throughout the greate 

of their length, the graduations varying froD 

10 c.c. each, according to the size of the vesse 

measuring cylinder may be calibrated by m: 

distilled water into it from a previously calil 

burette. 



r» 









i 



Pipettes, 

39. Pipettes are glass tubes for transft 
specific quantities of liquid from vessel to "' 
1^ They are of two kinds ; one has a bulb, an 
Kid. 28. '^^r^ ^^ *^® neck above the bulb, as sho^ 
Fig. 29. This form is used for the accurate 
Kint^im^nt and delivery of one specific quantity of a 1 
KUoli ttH 5, 10, 20, 50, or 100 cubic centimetres. The 
(\iiMu iit hUowu in Fig. 30, and consists of a narrow 
hwvin^ u Houlo engraved upon it lengthwise, similar 
i*o«lo of w bun^tte, and is used for delivering a v£ 
ijUHUttty ofa liquid. 

riiH^ttt^ »ix^ ohiotly used to measure with exactnes 
ni^^v^ltUnl v^u^iUity of a solution which is to be subjec 
V\vls^u\^h U* i^Mi^ly^tik The lower end of a pipette from 
\\\K^ ^AwWkAX Hv^Wijk v>ttt ou^ht not to be more than -^^ ii 
^\(^vvvv^lvv. TW uv\H»r wuU which is closed by the fingei 
Uv SM»\\ ^iKv^Uvl N> xi^rrv^wvd by melting and thickenir 
H^itVMkx H^Hv\ it^v^^ W cul *c(uar^ across^ and ground or fuse 
^ivv \\\^\ \\y^ *w^W v^u v*^^ tirmly upon it. In order 
H )^\\'\M\\ W ^ hvlvl ^Ni* ^ ^^¥ ^T ^^ thumb and r 
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the right hand, and is then plued in the liquid it is 
o measure out. The month is then app1i<Hl to tho 
id, and the liquid gently sacked up into the pipett«. 
this operation, the progress of the rise of 
lOT IB the pipette shoold he carefully 
1, and as soon as it is slightly higher 
e top of the gradoation, the iiiKtrameiit 
jved from the month, and firmly closed 
le top of the first finger. Daring the pro- 
filling, it is neoeasary to see that the point 
pipette always remains below the surface 
liquid, otherwise air will enter the pipette, 
ly force the liquid up into the mouth, which, 
corroeive liquids, might lead to §eriotiB 
Qences. An efiectnal means of preventing 
n accident is to commence by dipping the 
into the liquid, and holding it in the same 
B left hand during the process of filling. 
ipette having been filled in this way, it is 
ter the vessel from which it has been filled, Fioa. 29, 30. 
«8ure of the finger on the top is relaxed, and 
|nid allowed to flow slowly out, until the bottom of the 
;u8 of the liqnid in the pipette exactly coincides with 
aduation mark. The finger is once more firmly placed 
9 top of the pipette, which is then held over tho 

intended to receive it^ cantonts, and the latter is 
red into such vessel. There are sevoral melhode of 
dngthe contents of a pipette. 

The contents are allowed to run freely into the veBsel, 
it permitting the point of the pipette to touch the 
if the vessel, and without blowing out the last drop 
he pipette. 

After delivering the bulk of the liquid, the point of 
lette is niade to touch the inside of the vessel, in order 
ipillary attraction may carry away the drop adhering 
point of the pipette. 
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pipe 
««mt^ with 
oft 



if ft pipette 
TV -fjTffTjj r 32 TIB- to the mai 
iJamTi^ wafisr St 15*5^ ( 
iiLiwnu^ "SUA w^Bsc to flow ont 

beak 



Tin 

4»}^ Iks instzvneiit^ a oonvei 
•SOS fizniL of wiiich is shown 
Fix. 31* s vsed for deHTering < 
accuzstely messnred quantity 
any standard iolntion. It oonsit 
of a glass tube of eqnal diamel 
^ i^"T I f^ — 7 thronghoiit its length, its «pi 

I I end being slightly enlarged. T 

IjppM M coife lower end is drawn out, and 
y I ---3 I J l._JK closed, preferaWy by a glass stc 
r T".."- ^ ^j^^ . Qj. ^j^^ contracted end 

\^ui. HI. connected by a short piece of ind: 

rubber tubing with a small gl( 
Jdl*. TliM \\\{\h I'ubbor tube is clamped with a brass pine 
t<^«K( ^\\M\ \^\\m^ ur 0|>enH the tube at will. The bure 
U ||«h\(mhUh( thiAmji^hout tho greater part of its length ii 
\<\\Vw \¥UifU^v^lu^ Miu) tt^utl\«^ of a cubic centimetre. Buret 
v\^S\^^^,\ vs^^^lH^H \V vvr l(K> i\c^ when filled to the zero 
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panring in the solution from the top, nntil it rises above 
liie liigfaest gradnation ; the stop-cock below is then opened, 
and the liqnid is allowed to ran ont nntil the bottom of the 
i&eiiisciis jnst tonches the gradnation mark. 

It is necessary to be oarefal when filling the bnrette, to 
n& that no air-bnbbles are left in the stop-oock, since, 
ii)i6ii the burette is in nse, it is assnmed, when the stop-cock 
is opened, that only liqnid flows ont, and the volnme dne to 
any air-bnbble which might pass ont, would be counted as so 
much liquid. The volume of liquid used in any determina- 
. tion is measured by the amount the liquid surface ' 
in the burette has been lowered. In order to 
Mlitate exact readings, an Erdmann's float. Fig. 32, 
a little smaller in diameter than the burette, is 
often used. The float sinks with the liquid, and 
the reading on the burette, corresponding with 
the horiamtal mark on the centre of the float, is 
the one taken. 

When an Erdmann's float is not employed, the 
eye may be assisted in reading the graduations on 
^ horette by using a small card, the lower half 
^ which is blackened, the upper portion being 
left white. 

On holding the line of division between the pj^ ^ 
*^k and white about an eighth of an inch below 
^e surface of the. liquid, and bringing the eye on a level 
^th it, the meniscus can then be seen by transmitted light, 
i^tinded below by a sharply defined black line. A burette 
"^;y be calibrated by filling it with distilled water at 15 • 5°C., 
''^^ tube below being carefully emptied from air-bubbles, 
^oeessive quantities of water, in separate instalments of 
^ <2.c., are run off into a tared stoppered flask, which is then 
^'^eighed, and firom which it is ascertained whether the 
^*^Qight in grams of water run out is exactly equal to the 
^olmne in cc. as indicated by the burette. 

If the reading of the borette is found to be incorrect^ a 
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Bodinm hydrate, &c., the eq^uvalent and the atomic (or, 
in the case of salts, molecnlar), weights are the same; 
thus a normal solution of nitric acid must contain 63 
grams of acid in a litre of the solution, and sodic hydrate 
40 grams. 

In the case of bivalent substances, such as barium 
hydrate, oxalic acid, sodium carbonate, sulphuric acid, the 
equivalent is one-half of the atomic (or, in the case of salts, 
molecular) weight ; thus a normal solution of sulphuric acid 
would be made by adding 49 grams of pure strong acid to 
distilled water, cooling the mixture, and then diluting to 
1 litre. 

Also, in the case of trivalent substances, such as phos- 
phoric acid, a normal solution of sodic phosphate would 

358 
be made by weighing —^ = 119*3 grams of the substance, 

o 

dissolving in distilled water, and diluting to the meabure of 

1 litre. 

43. In the preparations of solutions for volumetric analy- 
sis, the value of a reagent, as expressed by its equivalent 
hydrogen weight, must not always be regarded, but rather 
its particular reaction in any given analysis. 

Thus, when using a solution of potassium permanganate 

(KMn04), as an oxidising agent, it is the available oxygen 

which has to be taken into account ; and consequently, when 

preparing a normal solution, one-fifth of its molecular weight, 

158 

--- = 31 • 6 grams, must be contained in the litre, 



The great convenience of this equivalent system is, that 
the numbers used as coefficients for calculation in any 
analysis are familiar, and for technical purposes the plan 
allows the use of all solutions of systematic strength, and 
simply varies the amount of substance tested, according to 
its equivalent weight. 

Thus, normal solutions of the following contain, per 
litre — 
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Qrwau. 

Sulphuric acid 49 

Hydiochloric acid 36-5 

Nitric add 63 

Anbydrous carbofoate of soda 53 

Sodiohydrate 40 

Ammonia 17 

100 c.c. of any of the normal acid solutions in the above 
list shonld exactly neutralise 100 c.c. of any of the normal 
alkalies, or the corresponding amount of the pure substance 
which the 100 c.c. contain. This system is especially use- 
ful in determinmg the amount of pure substance in com- 
mercial samples. For example, supposing we are buying 
commercial sulphuric acid, and wish to know the exact 
percentage of pure hydrated acid in it; 4*9 grams are 
weighed out, diluted with water, a little methyl-orange 
solution added, and normal alkali run in from a 100 c.c. 
burette until saturated ; the number of c.c. of normal alkali 
used will show the percentage of real acid present. Sup- 
posing 62 • 6 c.c. are required = 62 • 6 per cent. 

44. In order to obtain the percentage of pure substance 
in any commercial article, such as alkalies, acids, and various 
salts, by means of the normal solutions just described, the 
following method is adopted. With normal solutions, ^ or 
J^ (according to the atomicity) of the molecular weight in 
grams of the substance to be analysed, is weighed out foi* 
titration, and the number of c.c. required to produce the 
desired reaction will represent the percentage of the sub- 
stance whose atomic weight has been used. 

"With decinormal solutions, -j-J^ or ^^ of the molecular 
weight in grams is taken, and the number of c.c. will, in a 
similar manner, represent the percentage. It may sometimes 
happen, however, that from the nature of the substance, or 
from the fact of its being in solution, that the above per- 
centage method cannot be employed. 

For instance, supposing we have a solution containiu(> 
[ an vnknown quantity ofcauBtic soda, and we Ae^vr^ \.o Vii'CiH^ 
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I lie strength of the same. We weigh, or mensare i 
ttufiiiite (juantity uf the solution, add a few drops of m( 
oiiiiige aoliitioii, and run in from a burette, normal 
mil.il the solution i« suturated, aa shown by the chaD| 
I'oioiir. SuppOBing 38 c.o. of normal acid are required, 
iho molecular weight of sodic hydrate being 40: (Na = 
ir = 1, = 16. = 40), 100 c.o. of normal acid will sata 
4 ■ grn.ni ; therefore, as 1 00 ac. are to 4 ■ gram eo are 38 

to a;, — '77Tn"~ = 1 • 52 gram NaHO. The siniplcBt wayi 

multiply the number of c.o. of test solution required 
I'urtiouUr Jl- termination by the -j-p'^,, (or y^^ in the ca 
liiviilont substance) of the molecular weight of the eul 
sought. This will at oQce give the amount of enl 
present. 

45. Although solutions based on the above men. 

syatematic priuoiple, are those commonly adopted in ant 
tical work, wo require in addition, in the carrying onti 
801110 of the special determinations necessary in gas wo 
empirical solutions, based on the Englinh sytit«m of ««{ 
and measures, and which are prepai-ed to suit 
t'aaeH, not being based on any broad general principle. 
solutions employed in the determination of the amoa 
ammonia in gas by the Eeferees' method, and in the 
mei'cial valuation of ammouiacal liquor, are cases in p<^ 
I'hcse are tlescribed in the Special Part. 

46. In the preparation of standard solutions, it h neceB 
mty to bear in mind the fact, that saline substances on buinl 
dissolved in water, have a considerable effect upuii th* 
volume of the resulting liquid. The same thing occurs whei 
mixing solutions of various salts or acids with each other. 

Ill the cacio of strong solutions, the coudensatiou il 
volume is, as a rule, very considerable, and therefore 
paring sucli solutions for volumetiic analysis, or in diluting 
such solutions to a given volume, for the purpose of remov' 
j,ag aliquot puitiouB suli6ei.\nentlj fat ejaj-mination, aulB- 
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nt time must be afforded for the solutions to attain their 
[iBtant volume at the standard temperature. 



Tabls fob the Systematic Analysis of Alkalies, Alkaline 

Eabths, and Acids. (Sutton.) 



SabBtanoe. 






Poda 

&udic hydrate 
^ carbonate .. 
yt bicarbonate 

Potash 

Potaasio hydrate .. 
f, carbonate 
„ bicarbonate 
AnunoDia 

„ carbonate 

Lime 

Oaldo hydrate 

carbonate .. 
Buinm hydrate . . 
n carbonate .. 
Kitric acid . . 
Hydrochloric acid 
Sulphuric acid . . 
OaJioacid .. 



r i» *? 



FormnUe. 



Na,0 

NaHO 

Na,CO, 

NaHCO, 

. K^O 

IBLHO 

KjCO, 

KHCO, 

NH, 

(NH,),00, 

CaO 
OaO,H20 

CJaCO, 
BaO,H«0 
BaCO, 
HNO, 
HCl 
HjSO, 



Atomic 
weight. 



Qaantity to be 
weighed so tb&t 

1 c.c. normal 
eolation = I per 

cent, of sub- 
stance. 



62 
40 

106 
84 
94 
56 

138 

100 
17 
96 
56 
74 

100 

171 

197 
63 

36-5 
98 

126 



Normal 
factor.* 



gram. 




3 


1 


0- 


4 


•0 


0* 


5 


3 


0- 


8 


•4 


0- 


4 


•7 


0- 


5 


•6 


0- 


6 


■9 


0- 


10 





0- 


1 


'7 


0- 


4' 


8 


0- 


2 


•8 


0- 


3 


7 


0- 


5 





0- 


8' 


55 


0- 


9" 


85 


0- 


6- 


3 


0- 


3- 


65 


0- 


4' 


9 


0- 


6- 


3 


0- 



•031 

•040 

•053 

•084 

•047 

•056 

•069 

•100 

•017 

•048 

•028 

•037 

•050 

•0855 

•0985 

•063 

•0365 

•049 

•063 



* This is the coefficient by which the number of c.c. of normal solution 
^ in any analysis is to be multiplied, in order to obtain the amount of 
pore substance present in the material examined. 



Storage of Standard Solutions. 

47. Standard solutions may he kept in any tightly 
stoppered hottle of a suitable size. A " Winchester quart " 
is a handy size for most purposes. The bottle should be 
clean and dry, and after the solution has been poured in 
tbe bottle should be immediately tightly stoppered, and 
labeJie^J wjth the name, strength^ and date ^wlieii \\i^ ^Axk- 



tioD wftB made. It is neceesaiy that tbe bottle ahoal 
i)aito fall, otherwiee inlvmul avaporation and condeoi 
will cauae drops of pare water to form on tlie upper pa 
the inside of the bottle. 

Wlicu tisiiig the solution therefore, it is neceBsaiy to 
shake the bottle before pouring out, bo ae to mix this y 
with the BolutioQ from which it originated. 

This loea by evaporation may be lessened by storing 
solutions iu a cool place. Some solutions are affected 
light, and in oonsequcnce should be kept in a dark oupbo 
rather than upon open shelves where they would be exj 
to the light. 

Imdicators. 

48. Id Biany analyeea it is necessBTy to add a euhati 
which shull act as an indicator of the end of the proo 
such, for instance, is coc-hioeal or methyl- orange in all 
metry, potassium chromatu is silver and chlorine estimati 
and starch in determinations where iodine is employed. T 
are other prooeesea, the final termination of which can i 
I'C determined by an indicator separate from the solution, 
example is found iu the estimation of iron by potaa 
bichromate, iu which case a drop of the solution ie b«H 
into contact with another drop of a solution of ferrioyi 
of potassium, on a white tile ; as soon aa a blue colour 
to appear when the two liquids are brought into conl 
the end of the process is reached. 

ImDICATORS used is the VoLDMETRIC EsTiMATlON OF 

Acids anh Alkalies, 
Cochineal Solation. 
49. This indicator possesses the advantage of not 
affected in colour by CO^- In order to prepare it, di 
about 10 grams of powdered cochineal for several honi 
■ntlo lieat in a litre of weat 8\i\i:\X, wim\iQaed of 200 
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L metliylated spirit, with 800 o.c. of water. The clear liquid, 
rlien decanted off, iB ready for use. Its normal colour is 
fellow, and this is changed to reddish-violet by alkalies. 
This reddish-yiolet solution of cochineal is changed to 
yellow again by mineral acids, but it is not so easily acted 
upon by weak organic acids. It should not be used in the 
presence of compounds of iron or aluminium, or of acetates. 

It is well adapted for the estimation of ammonia in gas 
liquor (Will's Test), and in the analysis of ammonium 
sulphate. 

Methyl-Orange^ TropseoUn D, or Orange IIL 

50. This indicator also is not. affected by CO2. Alkalies 
change its colour to yellow, and this changes to red on the 
addition of an acid. The solution does not change or de- 
compose on keeping. 

It is prepared by dissolving 1 gram of methyl-orange 
in powder (procurable from the operative chemist) in a small 
quantity of methylated spirit, and then making the solution 
np to 1 litre with methylated spirit diluted with its own 
volume of water. 

Methyl-orange is employed in the estimation of ammonia 
^ gas, and in the estimation of free ammonia in gas liquor. 

Litmus Solution, 

51. This solution is used both for acids and alkalies. 
The solution is most sensitive when it is of a purple colour. 
The presence of an excess of acid, causes the litmus to 
^sume a bright red tint; excess of alkali produces a pure 
Wne tint. 

In order to prepare a solution of this indicator, all the 
colouring matter is first extracted from solid litmus by re- 
peatedly digesting it with hot water. 

The solution thus obtained, is evaporated to a moderate 
^tilk, and a slight excess of acetic acid addei, m otftkfit \ic> 



DeUtes. The eoluti 

L, until it SBann 

■B a« csBBM of methjlatod spirit 

tofita^M tbe bfaw ecdonring toattot 

. tn|.Hfcu wiA ths ttUcaline a 

TW fBccipitftte is tmnsferred td 
h ^niL Thtt pare oolooring k 
; and th« Bolntion, afl 
[ r«|Jb I7 Oa addition of a little dill 



mbic tai, m wJy far vm;. Litmns solation must a1in 
Iw kift wy rf tD the aiz or it looea ils colonr, regainiiig 



A oonrenient method of securing this cxpoaore, i 
have the cork which cIowb the bottle contaiaiDg the litmn 
•otntion, made with seTeral deep grooves. The great defe 
'if litmnij as an indicator is that the presence of f 
l-onic acid interferes with the production of the blue colonr. 

Acoordiogly, iu titrating an acid sulution hy meuu 1 
«n alkaline carbonate, the litmus solution changes from K 
lif [iiiqile before the point of neutralisation by the acid 
iii'rivoil at, This is caused by the liberated CO, aotingn] 
lliu litiiiUH. The CO5 can be removed by boiling the iwiii 
■iiid the noutral poiut is just passed, and the reaotionistw 
mill nil utiy complete, when the solution has assumed a lirig 
\v<\ oolonr, whieh does not alter on boiling. 

Phenol-phlhalcin . 

Ml. Thia indicator, when in the form of an alcohd 
in\)utttut, IN xntliiwit oult^r, hut on itddiug a few drops to 1 
<t1kMUu» Kidiititut thv liiittid changes to a beautiful t 
\V^Wi\\ vthioh ia d<«tI^^^W by acid-s Fhenol-phtliil« 
v«(Vtt«4 W w«|»k>j«.l in tb« j«ee«n(« of COj, or of saltt' 
KtHMswW 

tVMs><t>)f>kitk>4Wift is ««a;ik>T«il is tl» estimation of 
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It is nece>sary to bear in mind that in judging the end 
f a re-action by means of an indicator, or of any final 
hange of colour, it is requisite in all cases, that the one 
Lquid should be run into the other in the same order. The 
iquids must not be reversed, or the results will fail to corres- 
>ond. For instance, if cochineal is used as an indicator in 
standardising the acid, by running the acid into a standard 
k)lntion of caustic soda, in all processes of estimating acid 
3y the alkali, where cochineal is used as an indicator, the 
icid must be run into the alkali, and not the alkali into the 
icid. 

Analysis by Saturation, 
(alkalimetry and aoidimbtby.) 

Preparation of Normal Acid and Alkaline Solutions. 

53. In this particular branch of volumetric work, it is 
very essential to have at least one standard acid and alkali 
prepared with the greatest accuracy, and from which all 
others can be standardised. 

Sulphuric acid is best adapted for preparing the normal 
wid, as it can easily be obtained pure. Normal sulphuric acid 
18 not affected by boiling. 

For the standard alkali, sodic carbonate is to be preferred, 
inasmuch as it can readily be obtained in a perfectly pure 
state, or can easily be made by igniting the pure bi- 
carbonate. 

The chief difficulty in times past with sodic carbonate 

been, that, when using litmus as indicator, it was neces- 
sary to carry on the titration at a boiling heat, in order to get 
rid of the CO2, which hindered the pure blue colour of the 
indicator, notwithstanding the alkali may have been in 
excess. 

This difficulty is now got rid of by the employment of 
Diethyl-orange as indicator. But in case metVi'jl-otWi^'b \& 






uot kTwlable, litmos msy be made to give acxiurate n 
if tbo sKttiration is carried on by rapidly boiling the liqn 
in • tliin flask for & miaate after each addition of a 
nntil tbe point is reached when one drop of acid in e. 
givtM a pink rod oolonr, which does not disappear o 
liuiliitg. 

Normal Solution of Sodium Carbonate. 
(33 gramB Na,CO, per Utre.) 

54. This solution is prepared by dissolving pure SsjM 
in distilled wnttr, su as to make a solution oontainia 
53 grams Na^COj per litre. It is consequently a msi 
molecular solution. j 

If we dissolve Na^CO, in water, the volume of the liqa 
contracts, therefore, we cannot obtain the correct Wfiifl 
per litrs by simply dissolving the salt in the measuifl 
volume of wat*r. After adding the ealt to a quantity! 
water contained in the litre flask, the solution must I 
allowed tu attain the normal temperature, and then aid 
cient distilled water added as will bring the volume op I 
the litre mark, the contents of the flask being well misedii 

The easiest way of obtaining pure Na^l'O^, is to igd 
the bicarbonate. It is necessary in the first place to see 
the bicarbonate is pure, by testing it for chlorides M 
sulphates. This is effected by shaking a portion of ti 
powder with distilled water in a stoppered bottle, and tU 
testing the clear liquid. Should traces of these impuritiea' 
found, about 100 grama of the powder are shaken up wl 
three or more separate quantities of distilled water, the M 
being allowed fo settle, and the supernatant liquid decairl 
ofi-. 

As soon as the washings are free from sulphates 
ehloiiUoa, the salt is drained on a porous tile, and dried' 
pressing it between sheets of dry blotting or filte^ 
paper. About 85 grams of the salt prepared as above 
spread in a thin layer inside a weighed platinum 
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porcelain dish. The dish and its contents are then heated 
by means of a Bnnsen bnmer to dnll redness for about 10 
minutes, care being taken that the salt does not fuse or frit. 
The dish is now placed in the desiccator to cool, and 
when cold weighed ; it is then heated, cooled, and weighed 
again, until the weight is constant. The weight of pure 
NajCOj is then obtained by subtracting the weight of the 
dish. The standard solution of NajCOg may now be 
prepared from the above by either of the two following 
methods. 

(1) The volume of the normal solution which should 
contain the weight of NagCOa obtained as above is found 
^7 calculation. For example, if the sodium carbonate 
weighed 54 '6 grams, it will require to be dissolved in 

'il^<i220 = 1030-2 C.C. 
53 

The salt is transferred without loss to a beaker, the dish 

heing afterwards rinsed out with successive small quantities 

of distilled water into the same beaker. The salt is well 

stirred to assist solution, and when all has dissolved, the 

solution is poured into the litre flask, the beaker being also 

Well rinsed out several times with small quantities of distilled 

Water, and the rinsings added to the contents of the flask. 

lie solution is now nearly made up to the mark on the 

flask with distilled water at a temperature of 60° F., the 

contents of the flask being well mixed by shaking. The 

stopper of the flask is then inserted, and the solution is again 

^gorously shaken to ensure thorough mixing. The 

contents of the flask are now made up to tlie exact volume 

by placing the flask on a level surface, and slowly pouring 

in water until the bottom of the meniscus just touches the 

litre mark on the flask. The additional volume of water 

required, amounting in the present example to 30*2 cc, is 

then run into the flask from a burette, and the liquid is 

again thoroughly mixed by inverting the flask and giving it 

% rotary motion. 
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(2) Exactly 53 grams of NajCOg, prepared as abo 
weighed out and dissolyed to a litre. The weight i 
conveniently obtained by placing the dish on one scs 
of the balance, and adjusting the weight on the other 
that they are equal to the weight of the dish + 53 ; 
portions of the salt are then removed with the poii 
penknife or spatula until equilibrium occurs. The 
then dissolved in a beaker as in (1), and on adding w 
the litre mark a normal solution will be obtained. 

Normal Sulphuric Acid. 
55. This solution is a semi-molecular one ( — ) (sul 

being a bibasio acid) and should contain 49 grams c 
H2SO4 per litre. It is prepared by adding a suitable quai 
pure strong oil of vitriol to distilled water contained in 
glass vessel, then cooling the hot solution, and subseq 
determining its strength by titrating a portion of it a 
the normal sodium carbonate solution. When the st 
has been accurately determined, the amount of wa 
quired to dilute it, in order to reduce it to the 
strength, may be easily calculated. 

Measure out 30 c.c. of pure, strong oil of vitriol, and 
into about 200 c.c. of distilled water contained in a thi 
flask. On adding the acid great heat will be given ov 
the solution well, and cool it by shaking it round 
flask, at the same time allowing a stream of water 
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Bolution, but this time exactly to the 20 c.c. mark, l>y 
drawing up more than the required volume, rapidly placing 
the first finger on the top of the pipette, and slowly allowing 
the excess to flow out. The 20 c.c. of solution are then 
delivered into a clean beaker. Of course, in the event of 
the interior of the pipette being perfectly clean and dry 
at the commencement, there is no occasion for the prelimi- 
nary rinsing with the solution, inasmuch as in this case 
there would not be any danger of the standard solution 
being diluted with the water adhering to the interior of 
the pipette. 

A burette is next charged with the acid prepared as 
described, care being taken that the interior of the instrument 
is perfectly dry ; if not, it should be first rinsed out with 
a portion of the solution, which is afterwards thrown away. 
It is also necessary to see that there are no air bubbles 
remaining in the tap at the bottom of the burette ; should 
there be any, they may be got rid of by rapidly running a 
portion of the solution out of the burette, and then refilling 
the same. The solution in the beaker, previously diluted 
^th dibtilled water, is placed underneath the burette, upon 
a white tile, or a clean filter paper, a small quantity of 
methyl-orange solution is added, and the acid run slowly in 
from the burette, the contents of the beaker at the same 
time being constantly stirred. The acid is run in until a 
single drop causes the golden yellow colour of the solution 
to suddenly change to a reddish-brown tint, shewing that 
the solution in the beaker has been exactly neutralised by 
the acid. The volume of acid required to eflfect the neutra- 
lisation is then read off on the burette, the result being 
checked by repeating the titration in exactly the same 
manner with a fresh quantity of the sodium carbonate 
solution. The two titrations should not differ by more than 
0*1 c.c. If more than 20 c.o. are required, the acid is too 
^eak; if less, too strong. It will generally be found that 
the acid is too strong, and will require dilutm^ \.o \Xi^ 



normal strength in the following manner. Supposing tl 
the 20 CM. of the alkaline solution required 18*6 of the adi 
tHiIutiou to neutruliso it; then e&ch 18*6 c.c. of acid would 
require to have eufGcient water added to it to make it n 
to 20 c.c, in order to produce a standard acid ezaati^ 
equivalent to the standard alkali. Therefore, to make k 
litre (1000 cubic centimetrea) of normal acid, 930 o.o. of tiiS' 
acid, prepared as above, are measured into a litre flask, and 
then Uiadu up to 1 litre with distilled water. Aflw 
thoroughly mixing the acid diluted in this manner, it 
should again be tiuated against the alkaline solution, u 
already described, in order to be certain of its accuracy. 

It is necessary to bear in mind the fact that staudud 
solutions, even when accurately prepared la the hrst instuuK, 
will gradually become more or less altered in strength aftttf 
being stored for some time. A standard acid solution iriU 
therefore require to be tested occaaionally, by titrstion 
against a freshly prepared standard sodium carbonate Boln- 
tion, as just described. In the event of the acid aoiation 
having altered in strength, it is not absolutely nuces8*ry 
(if the error ia small) to bring it back to the correot 
standard. In place of doing this, a correction is m 
of when working with the solution. 

For instance, if 19-7 c.c. of acid are needed instead of 2^1 

in order to neutralise 20 c.c. of a freshly prepared eodi^*"^! 

carbonate solution, the number of c.c. of acid needed i] 

20 
titration will require to be multiplied by - =1*0 

order to find the number of c.c, which would have been need-* 
if the acid had been of the correct atrengtb. The " fact*?' 
required for this correction should be marked on the label 
the bottle, together with the date. 

The operation of determining the amount of acid ir*.' 
solution in the above manner is termed " acidimetry.'" 
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Normal Hydrochloric Acid, 
(36*5 grams per litre.) 

56. Pure strong hydrochloric acid is diluted with dis- 
Ued water until it has a specific gravity of 1 • 10 at 60° F., 
B tested by a hydrometer. About 165 c.c. of this acid are 
diluted to 1 litre. Its exact strength is then determined by 
titration against normal sodium hydrate solution (58), and 
the solution is brought to the standard strength by dilution, 
as in the previous examples. 

Hydrochloric acid is useful on account of its forming sol- 
uble compounds with the alkaline earths, but it has the dis- 
advantage of volatilising at a boiling heat. The hydrochloric 
acid from which standard solutions are made, should be free 
from chlorine gas or metallic chlorides, and when evaporated 
in a platinum vessel should leave no residue. 

Normal Oxalic Acid. 
(63 '0 grams per litre.) 

57. This solution is prepared by dissolving 63 • grams of 
pure, not effloresced, crystallised oxalic acid in distilled 
Waaler, and making up to 1 litre, the solution being after- 
guards checked with normal alkali. The solution is apt to 
leposit some of the acid at low temperatures, but keeps well 
f preserved from direct sunlight, and may be heated without 
volatilising the acid. It cannot be employed in alkalimetry 
^hen methyl-orange is used as the indicator. 

This solution may be used in testing for caustic lime in 
h.% presence of a carbonate. 

Normal Sodium Hydrate Solution. 
(40 grams per litre.) 

58. Caustic soda suitable for the preparation of the above 
^y be obtained from two sources, either by the action of 
^tallic sodium on boiled and cooled distilled water, or from 
^'^^tic Boda puri&ed by alcohol. 
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In order to obtain it from nietallio Bodmm, al 
26 grams of clean metallic sodium in small pieces 
weighed out, and placed in distilled water contained i 
platinum or silver disfa. A clock glass ib placed 
dish after the addition of each, piece of sodium, in order 
prevent loss of the NallO by spurting, the chemical aci 
Bet up by each separate piece of sodium l>eing allowed 
subside before a frcuh piece is introduced. 

In this way a strong solution of NaHO is obtained, 
caustic soda purified by alcohol is used, then about 44 grai 
should be weighed out, and disralved in distilled water, 
either of these solutions are diluted until they hava 
specific gravity of about 1 ' 05. then the solution will contoi 
about 50 grams per litre. The water employed in dilotii 
ahotild lie diatilled, and recently boiled and cooled, 
be free from COj, 20 c.o. of the solution thus 
then titrated against 20 co. of the normal acid (65), 
ploying metliyl-orango as indicator, and the solution 
reduced to the exact normal strength, by diluting it wiih tj 
neoesBary quantity of distilled water. 



EsTiMiTiON OF Ammonia. 

59. This determination comes under the head of altu 
metry. The principles upon whicli it is based apply to 
determination of the ammonia in gas, and to the analy 
of ammoniacat liqtiorH and aulphato of ammonia. By al 
limetry is meant the method of determining the araonnt 
alkali in a substance by Baturation with a standard acid. 

The quantity of free ammonia in a solution of aramoi 
and water may be determined by means of standard acid a 
methyl-orange soluti-n. A definite quantity of the soloti 
say 10 c.c, is transferred to a small tared flask and weight 
in this way ita absolute weight and specific gravity are 
tained in one operation. If the 10 c.c. weighed 9 ■ 449 gi 
its epecific gravity would of course be 0-944i), water 
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Tla.e 'weighed quantity of the ammonia, is then diluted with 
6 or 8 times its bulk of distilled water, and titrated direct 
vrith. the standard acid. 

Ammonia in combination may be determined by expel- 
ling it by means of caustic soda or lime, collecting the 
evolved ammonia in a known volume of standard acid, and 
determining the excess of acid by standard soila solution. 

The following shows the method of determining the 
amount of ammonia in ferrous ammonium sulphate : — 
F<NH0./SO,)26H2O. 

The apparatus employed is shown in Fig. 33. It consists 
of a large flask A, having a capacity of about 30 fluid ounces, 
fitted with a cork pierced with two holes, into one of which 
is inserted a tube B about 4 inches long, and half an inch 
internal diameter, containing pieces of broken glass, and 
closed at the top with a cork, through which passes a small 
tube the diameter of a goose-quill, and about 2 inches long. 
Into the other hole is fixed a bent tube, C, one end of which 
passes nearly to the bottom of the flask A, the other being 
connected, by an india-rubber joint, to a similar tube passing 
through a cork adapted to a second flask E, of about 15 
ounces capacity ; a small funnel D is also passed through the 
^rk so as to nearly reach to the bottom of the flask E. A sand 
^ath F, supported on a tripod G, and a liunsen burner H, com- 
pletes the apparatus. There are various modifications of this 
apparatus employed, but the one described is about the most 
**iiiiple. Having connected the whole apparatus together, as 
®iiown, 100 cubic centimetres of normal sulphuiic acid are 
poured, by means of a pipette, through the tube B into the flask 
-A., so as to thoroughly moisten with acid the pieces of glass 
^Jx the tube B. About 1 gram of the pure salt is accurately 
yeighed out, all crystals showing a yellowish tinge being re- 
i^ted. The quantity weighed out is dissolved in about 60 c.c. 
of distilled water, and the solution is poured into the flask E. 
About 50 c.c. of a strong solution of sodium hydrate is 
^hen poured i..to E, the funnel tube rinsed out with a little 
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distilled water, and the stop-cock closed. The burner is then 
lit beneath the sand-bath, and the contents of the flask S 
brought to incipient boiling. Ammonia will then be disen- 
gaged, and will be absorbed by the acid in the flask A, and in 
the tube B. The tube C should only just touch the acid in 
the flask A. When the ammonia ceases to be absorbed, llie 



3/?^ 





Fig. 33. 



flame should be raised, and the contents of the flask E kept 
briskly boiling for ten minutes. 

The apparatus is then disconnected, and the pieces of 
glass in B rinsed with a little distilled water into the 
flask A. The liquid in A is then made up to exactly 20O 
cubic centimetres, and divided into two portions of 100 c.c. 



ch., A SO c.e, barette is then filled with normal eoda 
ilntioxk, and one portion of tEe acid solution, coloured with a 
Ttr drops of solntion of cochineal, ie titrated with the soda 
ilntion, the remaining portion being similarly treated. The 
wo titrations ehonld not differ hy more than ^ c.c. 

Example: — 1 • 3723 grams of crystallised ferrons ammonium 

nilphate were weighed out, and treated as above described, 

the ammonia evolved being absorbed by 100 ac. of normal 

aalpharic acid. After absorption, the acid solution was made 

up to 200 CO., and divided into two portions. 100 c-c. of this 

lUqmd (=50 of the original solution) required 46-5 c.c, of 

normal soda solution to neutralise it, consequently, the whole 

of the solution would require 46'5x2 = 93 c.c. of the soda 

•olution. The number of c.c. neutraKsed by the ammonia = 

100 — ?3 = 7"00, and since each c.c of a«id corresponds to 

0-018 gram of NH„ the weight of NH, in the salt = 0-018 

X 7 = 0-126 grams, 

.*. the percentage of NH, = — , . g - =^ - a — =9-18, 
wliich agrees with the percentage demanded by theory, as 

The molecular weight of Fe(NH,')/SO03,6H,jO = 392, 
•nd this contains 36 parts by weight of NH,, consequently, 



60. Another example of the process of alkalimetry as ap- 
plied to the requirements of gasworks, is that of the analysis 
of lime. 

In this case the lime, either in the form of carbonate or of 
Onatic lime, is dissolved in an excess of standard hydrochloric 
•oid, the volume of acid noted, and retitrated with a standard 
wliition of caustic soda. The volume of caustic soda now re- 
quired to neutralise the acid is deducted from the amount of 
M originally added ; the difference represents the amount of 
" which has entered into combination -viMa. iVa ^ 



^' 
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Each o.c. of acid used repreaentB 0-028 gram of oaoBtic] 
or ■ 037 gram of calcic hydrate, or ■ 050 gram of CaCO,. ' 
luethod of determination is termed the " residual " methi 
Full details are given under the heading "Analjil 
Lime " iu the Special Part, 



PeOCESSIH of OxIDATIOS AHD EEDtTCTIOS. 

The prinoiplea involved in analytical proceHBes hasea 
the methods of oxidation and reduction are extremely simj 
substances capable of absorbing oxygen are dissolved, i 
titrated with another substance of known oxidising powBE 
for example in the estimation of iron in ferrous oompc 
by means of permanganate of potash. The i 
receive oxygen, and the permanganate is willing to | 
it up. Buring the process of absorption, 1 ' 
instantly loses its colour on being added to the iron si 
and the whole mixture is colourless, hut as soou as t 
has taken up its complement of oxygen, or has been coi 
into the higher state of oxidation as a ferric salt, the KB 
colour of the permanganate solution no longer disappears, d 
there is no more oxidisable iron to operate on. The foUtm* 
ing equation expresses vrhat has takeu place in the abovft 
reaction : — 

lOFeO + 2MnK0.= SFejOj -f- 2MnO + KjO. 

The oxidising agents commonly employed are pot 
permanganate, potassium bichromate, and iodine, the comn 
reducing agents being sulphurous aoid, aodic hyposulpb 
staonous chloride and zinc. 

A great many combinations may be arranged witii t 
variety of materials, so as to make this system of aniJ] 
very comprehensive. The following, however, are the n 
typical, and serve to show the applicability of the syslom 
the requirements of a gasworks. 

(a) Peimanganate of potash and ferrous salts, the 



'(- 



aT of the permanganate aeijitg i> bh 
he analjaiB of Weldon Mod). 
tji) BichromateofpotaahudtenMsalHABfl^i'A* 
Btiou being shown by the nmalxm at fiw Ubb mImv 
en broagbt in contact with « ■nhtina of Aaa^iniB «f 
:aaBiTiiD as indicator (nM;be and is thsotoMtiaaflf ims 
idea for pnrifiring pnrpooM, bog am). 
^e) Iodine vrhh starch aa iadJeatair (awj fee and m &s 
tatiou of SHj in gm liqiiar^ 



'ARATios ASo TJsi OP I^iTAaenn Fiuusqaxatx 

SOLOTKO. 



Tlie molecular wei^t of potM 



a^« 



^Og)= 3160,aiidasdKnrBiB4a«qiH 
L, 1 eqaivalent, dt 316 parta Ij '■c^hi of Ibe saltr ■■ 
Ito 10eqQiTaleDte,oF564 partaofiroo. InoHtr topIe' 
! a deoinormal solution of penaai^aaate, tfandbra. 3' 16 
u of the pare salt maj be diaKhptd is a Ittra of water. 
D. of this solntioii ahoold then psDzidiae 0* 1 gma of 
i for 1000 ac being eqnal to 5-16 gnaw Fa, 17-85 &c. 
qoal to O'l gram. Tfae abora netlMd, tbeoreticaDj, 
i give a solution of the exact strength, but practicaUy 
eannot calculate the strength of soch a Bolntion, i^ the 
it of oxygen that it is capable of yielding, beiarehand, 
eonnt of its inntability. It is abaolntely neoeamiy, 
Swe, to determine the power of the Eolntkm by direct 
Iment before nsing it. It k oonseqoently not essential 
ike the solution strictly decinormal, as its power is 
itely determined ity experiment before use. 
Lbont 5 grams of the pare orj^tailised Bait are dissolved 
small qaantity of distilled water, and the resnlting 

a diluted to 1 litre. 
%e solution Ehonld be kept in a dark blvo Winchester 
t bottle, and when not in use should be st^ed in a cool_ 
^ace, as the lipoid, if exposed to l>glit,i beojmea wea 
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owing to the decomposition of the salt; bat a solution p 
served in the above manner may be kept for a long p 
without experiencing mnch alteration. 

The most accurate method of estimating the strengflia 
the BolutioQ consista in determining the amount required l| 
tranaform a known weight of iron from the condition a 
ferrous oxide to that of ferric oxide. 

This is effected as follows : — About 1 gram of fine ii 
(flower wire), quite free from rust, is accurately weighed at 
into a 250 o.c. flask, and dissolved in about 100 c.c. of djli^f 
sulphuric acid (1 part of acid to 6 of water), 
quantity of carbonate of soda is thrown into the liquid I 
the same time, in order that the air within the flask may q 
displaced by carbon dioiide. 

The flask is provided, with a cork and bent glass tube, I 
furnished with a brass pinch-cock; the end of the tubediiu-J 
beneath the surface of about 25 c.c. of water contained in J 
a smaU flask. Fig. 34. Whilst the iron ie dit 
pinch-cook closing the india-rubber connecting tuba is tafcm I 
off the latter, and slipped over the glass tube; by bo doisgl 
there is a free communication between the two flasks. TtoJ 
solution of the iron may be accelerated by a gentle h 
The liquid is gradually brought to the boiling poinl, aodl 
kept briskly boiling for a minute or two, so as to expel tti 
mixture of COj and hydrogen ; the india-rubber tube ie tl 
immediately closed, and the burner removed. In the oonml 
of a minute or so the pinch-cock is again opened, whentbl 
"water from the small flask is driven ovor into the eohitiilB.J 
of iron. In proportion as it passes over, boiling c 
water is poured into the smaller flsak, until the lai^eroi 
is almost filled. The india-rubber tube is then once n 
closed, the flask and its contents allowed to cool, and d|B 1 
volume of the liquid made up to the containing mark; th* I 
stopper of the flask is inserted, and the liquid well shakaO I 
30 as to cause it to be thoroughly mixed. 'Whilst the solutiOD I 
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»l8, a Molir's burette fitted with a glass stop-cock (the 
rmaxigaiiate solution gradually attacks india-rubber) is 
Bt rinsed out with, and then filled with the permanganate 
Liitioii prepared as above. When cool, 50 c.c. of iron 
lutioii are t^ken out of the flask, and poured into about 
)0 o.c. of distilled water, contained in a beaker standing 
1 a slieet of white paper. The permanganate solution is 
nffn addedj drop by drop, to the liquid, with constant 




Fig. 34. 

stirring, until the pink colour imparted to the solution 
lomains. The permanganate is at first decomposed with 
great rapidity, but as the iron becomes oxidised the colour 
fiaappears more slowly, the rapidity of the change indicating 
ike progress of the oxidation. The operation of standardising 
&118 described should be repeated once or twice on successive 
portions of 50 c.c. of iron solution, and the mean of the 
wsults taken as representing the true value of the per- 
numganate solution. 



The reactions occiiniiig in die foregoing areespressedt 
the following equations : — 

lOFeSOj + 2KMnOj-f 8HsS0, 
= 5Fei(S0.)j + 2MnS0, + K^SO, + 8HjO, 
or, shortly, 

lOFeO + MnjO, - 2MnO + SFejOj. 
As an illnstration, let us aasnme that we have wei^ 
out I'lO grama of iron, and dieeolved it in 250 co. of liijntl 
50 o.c. of the aolutiou, or a iifth part, wonld be eq^nivalentt 
0'2200 gram of iron. The iron employed, however, is W 
chemically pnre, but if vo aEsume that its impurities ai 
to ' 4 per cent, we shall not be far out. The amomit < 
pure iron in the 50 o.c. is therefore 

1 : 0-996 i: 0-2200 ; x. a; = 0-21912. 

We will iiirther suppose that it has required 20 aa of tl 
permanganate solution to produce a pei-mauent coloratiE 
with the 50 c.c. of iron solution. Then, as 20 c.o. penni 
ganate solution converts 0-21912 grams iron from protoii 
to peroxide, 100 o.c. permanganate are equivalent to I'fl 
grama iron, or 1 c.o. to 0'010956 gram. 

The strength of the permanganate solution may also 1 
detormined by means of pure ferrous sulphate, preoipitat 
from its aqueous solution by means of alcohol. Feno 
sulphate so prepared keeps unchanged for veiy ii 
periods. 

Instead of FeSO , the double sulphate of iron and I 
monium FeSO.{NH4)3SO. + 6H3O may be employed. T 
contains exactly one-seventh of its weight of iron : 0-7 g 
of salt is equivalent to 1 gram of iron. The strengtiJ 
the solution may also be determined by means of oxalic u 

Of the several substances which may he used for titrati 
the permanganate solution metallio iron is the best, tf 
whichever method is adopted, it is absolutely necessaiy tl 



LO solution to be txtnted ^g«li coBtun £«fr suo^r loi. 
[ there is a defioency of fret aeid. t2it kl*t::S:il tstza rrrvi 
ad eventnall J m precijottte ofiMVrtt I: k zxxemkrr ^ issr- 
ise discretion as to the acid emjtkinnad iv araTTA^i:, 2(hsc 
kcid cannot well be empkmi vnyer ai.T cErmBcgairiv* 
Bydrocbloric add is lialtle to be cxSiisoi azd p^^ cif 
chlorine, nnless it is Terr oonsidcxar^T cil-^xed. azti i£i» 
change interferes with the aocmanr of the resait. Or^gicie 
matter also lednces the pennaDgisaxe. and desoojs tbe ae> 
curacy of the determination. 

62. Permanganate of potash maj be emploj^ in deter* 
mining the amonnt of MnO, in the Welkici Mud ecLpk>T«d 
in gas pmification. 

The method depends upon the fact than when MnO^ is 
treated with an acid, it is deoomposed and cxy^n liberated, 
which combines with any snbstance present ncadv to leoeiTe 
it In the present instance the snbstance is a ferrons salt in 
an acid solution. The amount of permanganate reqniited to 
oxidise a definite amonnt of the ferrons salt being known, on 
adding a weighed amonnt of the Mnd to this solndon, on again 
titrating with permanganate, it will be found that we do not 
require so much of that solution as we did in the first 
instance, due to the fact that the oxygen of the MnO^ in the 
WeldoE Mud, has supplied the place of the oxygen of the 
permanganate solution. 

About 1*5 to 2 grams of "flower wire,'' perfectiy free 
from rust, are accurately weighed out and dissolved in 
100 CO. of dHute H^SO* (1 of add to 4 of water) in the 
apparatus shown in Fig. 34. About the same weight of the 
finely powdered Mud is then added to the iron solution, and 
the liquid is gently heated until the Mud is dissolved. The 
Bolution is then boiled, the water allowed to flow back, and 
the contents of the flask made up to 250 c.a When cold, the 
ftmount of residual ferrous sulphate is determined by the 
permanganate solution. 
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The following eqnation shows what takes place : — 

2FeS0. + MnOj + 2n,S0. = F6,(S0<), + MnSO 

+ 2H,0. 

112 parts of iron oorreepond to 87-0 of MuO,. 

Eaamjile :^1 • 756 grams of flower wire were weighed 
= 1-756 X 996 = 1-749 grams pure iron. This was i 
solved in the raqnisite qnantity of dilute sulphuric acid, wi 
2,12 grams Weldon Mud added to the iron aolutiou. Wlea 
oold, the solution required 86 -2 of permanganate Bolntira. 
1 o.c. permanganate = 0-010966 Fe; consequently O-OlOfl!" 
X 86-2 = 0-944407 Fe. 1-749 -0-944407 =0-8046gm 
of iron, has been oxidised by the mauganese dioxide. 

Then as 112 : 87 : : O-8046 : fc. a; = -625, 

and 2-12 : 0-625 : : 100 : 29-48. 

The Weldon Mud therefore contained 29-48 per cent 
manganese dioxide. 

Use of PorassnjM Bichromate Soldtion. 

63. When used as an oxidising agent in ■volnmetrn 
analysis, potassium bichromate always yields the whole i 
its osygen to the hydrogen of the accompanying acid, 
corresponding quantity of acidulous radical being set fte 
four-sevenths of this radical immediately combining wit 
the potassium and chromium of the potassium bichroDUl* 
three-sevenths becoming available. Advantage is taieo" 
this property in the estimation of iron (ferrous} salts. Th* 
if a solution of a ferrous salt is acidified wif.h a dilute »o* 
(sulphuric) it is at once converted into a ferric salt on addJi^ 
a solution of potassium bichromate in sufficient quantity, tb 
reaction being as under. 

6FeS0, + KjCrjO, -\- 7H.,S0< 
e,(SO,}j +Cr,(S04)3+ K,SO, -i-7H,0. 




this it will be aoen that one equivalent or 294'42 * 
potaBsiimi bichromato will convert 6 equivalenta, o 
i of iron, from the ferrous into tlie ferric state. The 
pletion of the change of ferrous into ferric salt in 
B reaction is aBcertained by bringing a drop of the 

in contact with a drop of Bohition of freshly 
. potaaaium ferricyanide, when no blue coloration 
produced. So long as the fainteet trace of ferrous 

remains, a drop of the liquid will give a blue colour 

solution of potaflsium ferricyanide. 

Bolntion of bichromate can be standardised syn- 
y. -^ of 294-42 grams = 4-907 grams of the pure 
;ent, dissolved in distilled water to 1 litre, should 
dution of which each c.c. peroxidises A Fe = - 005B 



principal impurity in the salt to be avoided is 
In order to teat for it, dissolve 1 gram in 10 per 
Irochlorio acid, and hoat with a few drops of alcohol, 
3 the CrOa to Cr^Clg. Dilute the dark-greon solution, 
ride of barium, and allow to stand for twelve hours, 
cant off all except a few drops into another vohsuI, 
ite the slight residue with distilled water. The 
mtity of sulphate of barium becomes visible. > 

■der to dehydrate the salt it is powdered, and aftot 
jeen kept near its fusing point for aljout 10 minutes, 
sd at the lowest sufficient temperaturo. On cooling 
s up into numerous little fragments, and thui 
^onsly aesuines a convenient form for being wei({hed 



titre, as calculated from the synthesis, ought to !>• ] 
f correct; but unfortunately there Is no method fof 
the absence of surplus chromiu aciil in t 
f present, would alt«r the strength of the solutio^ 
lessary, therefore, to test the strength of the sola? \ 
t experiment. For this purpose a solutiiin of fa 
) of known strength is requir<sd. Tlu" '- • 



from a weighed quantity either of metallic iron, or of femni 
ummoDium sulphate. 

Id order to prepare the ferrous sulphate from metaUiS 
iron, ftbout 1 gram of flower wire, free from rust, and in 
pieces of abont an inch lung, are accurately weighed oi 
Then fit up the apparatus shewn in Fig. 35. This conaiBti 
of a lO-ounce round flask, provided with, a perforated w 
through which posaeB a beut glass tuhe, one end of wi 
paesdB just through tlie cork, while the other end dips below 
the Burfaoe of a little water contained in a small l)e!iker> 
The flask is clamped in a alanting position upon a retrnt 
stand aa shewn. The flask is now half filled with dilnU; 
aulphurio acid, a small piece of pure calo spar dropped in* 
and the cork and tube replaced. The calo spar will dissolve, 
giving off carbon dioxide, which will replace the air 
flask. When the effervescence has heen kept up for soma 
time, add the weighed wire, fit in the cork and tube, and 
arrange the apparatus as shewn in the figure. Heat tho 
flaek gently, and continue the heating until the wire 
solved. While the iron is dissolving, some cold water ft» 
from dissolved oxygen may be prepared by boiling S 
distilled water for a few minutes, and then rapidly cooling i*' 
by immersing the flask in cold water. Aa soon as theiW 
wire is all dissolved, cool the solution, transfer it rapidly to 
a 250 CO. flask, and rinse out the flask in which the iiM 
wa* dissolved several times with tho air-free water prepae^ 
as above, into the measuring flask, finally making up W 
solution to the 250 mark with the air-free water. 

The titration is conducted as follows : — A 60 c.c. hnietW 
is filled with the solution of potassium bichromate. 26 O.** 
of the iron solution are measured out into a lO-ounoe flsslC 
and diluted with abont 50 c.c. of air-free water. A numto 
of drops of a very dilute solution of a freshly prepaw 
fiolution, of potassium ferricyanide are then placed on a 
tile by means of a glass rod. (The solution of ferricyanidei 
prepared when required from a compact crystal of the sal* 




(nonsly washed TOith water iu order to remove any ferro- 
e. TUe solution does not keoii loDg, eapeciaUy if 
Sipoeed to the action of light. Before use it must be tested 
with pure ferric chloride, with which it should give a brown 
colonr, free from all shade of green.) 

The solution of bichromate is now run from the burette 
into the iron solution, mixing well aftor each addition. As 
tan eulution of bichromate is being run in, a drop of the iron 
Boktion is taken out of the fiask from tioio to timo, by 
dipping a clean glass rod into the lit^uid, and bringing the 
drop adhering to the rod into contact with one of the drops 
of potassium ferricyanide solution on the tile. "With the 
first few drops a deep blue coloration will be produced, but 
U the addition of the bichromate proceeds, the colour 
Wodnoed by the ferricyanide will gradually beeorae faiuter, 
b will finally disappear. When this stage is reached the 
Bmae of bichromate solution used is read off. 
^Two more similar titrations should theu be made, the 
mole volume of bichromate solution required, as obtained 
from the first or preliminary titration, being nm in at once 
within half a c.o., and the last portion being added gradually, 
drop by drop. The results of these separate titrations 
flioHld not differ by more than the tenth of a cubic centi- 
metre. 

It is necessary to multiply the weight of iron contained in 
as solution employed in this titration by 0'996, in order to 
''n-ect it for impurities present in the wire orginally used, 
"d from the weight of pure iron thus found, the exact 
"Itagth of the standard solution of bichromate may be 
ted. 
tntpU : — 1 • 338 grams of flower wire were dissolved as 

i, and the solution made up to 250 c.c. 25 c.c. of this 
Bttion required 23 ' 6 o.o. of the standard biohromate 

ion. 

lerefore 236 c.o. of bichromate solution correspond to 

'8 grama of wire. 



Consequently 1000 o.o. will oorrespond to - 
= 6-66EI5 grama of wire, which are equal to 6-6695 x O'i 
= 5'6468 grams of pure iron. 

Each c.c. of the bichromate EwlatioD is therefore eqoival 
to 0*00564C gram of Fe. 

In order to etanilardise the bichromate 
of ferrous ammonia sulphate, Fe(NHj).^ 
out exactly seven grams of the substance, 
free water, and make up the solution to 250 c.c. as alisl( 
described. The above weight of the salt will niak(| 
solution containing four grams of iron per litre, since the i 
contains one-seventh its weight of iron. ' 

The solution is titrated in exactly the same manne*^ 
the solution of iron vrire juat described, with the excepil 
that it is necessary to add a little dilute sulphuric acij 
the iron solution, before running in the bichromate. 

The above method may ho applied in the detenninati 
of the amount of iron contained in the oxide of iron emplt^ 
in gas purification. 

64. The following example shows the method of f 
cedure in the case of hematite, which 
rich in ferric oside. Weigh out about 2-5 grami' 
haamatite iron ore in the stato of very fine powder. HI 
the ore into a beaier, and add hydrochloric acid diluted W 
its own volume of water. Cover the beaker with a clook-^ 
and apply a gentle heat for about half-an-hour. Theni 
a small quantity of distilled water, allow any portion 1 
dissolved to settle down, and decant the solution throuM 
filter. Treat the residue again with a small quantitfl 
dilute acid, and deoant the liquid through the same Slits 
before. By these operations all the iron will generalM 
extracted from the ore, but it is necessary to see wh» 
this is the case or not by testing a drop of the solution « 
a solution of potassium atilphocyauide. Should a decidedi 
coloration ensue, it will be necessary to treat the oe_ 
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third time with acid, and continue this treatment tmtil no 
more iron is extracted. When this stage is arrived at, the 
lesidue is transferred to the filter, and washed free from 
acid, using as small a qnantity of water as possihle dnring 
the operation. The iron which is present in the solntion in 
the ferric state is now converted into the ferrous state. 

In order to effect this conversion, the solntion and 
vasHngs are transferred to the flask shown in Fig. 35. 
Should the whole of the liqnid more than half fill the flask, 




Fig. 35. 



^* will be necessary first to evaporate it down to the bnlk 

^Tiired. Strong hydrochloric acid is then added, and 

^gments of granulated zinc free from iron are dropped into 

fte flask. The acid will dissolve the zinc, with the evolution 

^^ hydrogen. A portion of the nascent hydrogen thus 

®^olved will act upon the ferric chloride and reduce it to 

^®^ous chloride, the colour of the solution changing at the 

®^iiie time from yellow to pale green. After a time the 

^^on will become rather sluggish ; it will then be neoessazy 



to gontly heat the liquid in order to promote the a 
cootiiiiiing the heating until all the zinc is dissolved. 

Before prooeodiug with the titrntiea, it is neceesajy 
see that the whole of the iron is converted into the fent 
state, by taking out a drop of the Bolution with a clean gli 
rod, and bringing it into contact with a drop of potassil 
HQlphocyanide deposited on a white tile. No red colour, I 
only an exceedingly faint pink tint, should reatilt If 
distinct red colour is produced, it will be necessary to m 
more zino and hydrochloric acid, and the operation ofn 
dnction continued as above until all the zino has dissoM 
When the eino has dissolved, the solution is then a 
tested with sulphocyanide, and the same operations repei 
until all traces of the ferric salt has dieappeared. 

When the whole of the iron has been converted to ^i 
ferrous state, the solution is rapidly cooled out of oonta 
with the air, and immediately made up to 250 c.c. with iw 
free water. 

The titration is then at once effected as in (63), andooi 
pleted as soon as possible. 

The value of the bichromate solution being known, fin 
the volume of that solution used, the quantity of iron prese 
in the ore may be calculated, and from that the percenter 



Use or Standard Iodiste Solution. 

65, Iodine dissolved in iodide of potassium may be o 
for numerous volumetric determinations, amongst otheB 
that of H.jS in aqueous solution, and upon this, a method fbl 
determining the Hj8 in gas liquor is based. In tho p 
example we require a dociuormal solution of iodine, and i 
solution of starch. 

The solution of iodine should contain — - = 12-7 g 

of pure iodine per litre. VZ-l grams of ^ure reaublii 
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iine are accurately weighed out from a stoppered bottle 
Lto a litre flask. About 20 grains of pnre potassium iodide 
re then added,' together with about 250 c.c. of distilled 
irater. The contents of the flask are well shaken until the 
iodine is completely dissolved, when the flask is filled up to 
ihe mark with distilled water. 

Owing to the volatility of iodine, it is difficult to weigh 

<mt exactly the quantity requisite to make the standard 

Bolution. In order to get over this difficulty, about 13 grams 

may be weighed out by difference, this is then dissolved in 

ihe manner above described, and made up to the volume 

neoessary to famish a solution of decinormal strength. 

Tims, supposing 12*826 grams were weighed out, the 

Yolume of the iodine solution required would be ToTj 

= 1009*9 c.c. This solution must be kept in a well stop- 
pered bottle, and in a cool place. 

In'order to prepare the starch solution, about 1 gram of 
itarch free from acid is made up into a thin cream with a 
small quantity of cold water. This mixture is then poured 
into about 100 c.c. of boiling water contained in a porcelain 
diflh, the boiling being kept up for a few minutes after 
adding the starch. The liquid is then allowed to stand 
nntQ cold, when the clear solution is poured off, being then 
ready for use. Starch solution freshly prepared is much 
more sensitive to the action of iodine than that which has 
leen kept for some time, consequently, wherever practicable, 
the solution should be prepared immediately before use. 

When a dilute solution of sulphuretted hydrogen is 
bronght into contact with free iodine the following reaction 
takes place. 

H2S + l2 = 2HI + S. 

In this determination it is necessary that the solution con- 
taining the HgS to be determined does not contain more 
than ^^Hperoeut of the gaSy otierwise there ia a poasiJafiiX.'^ 
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of tbe ckiiige not takh^ place entirely aooordlDg to 1 
abciY conation. 

liMtfnire out a portion of snlphiiTetted hydrogen wa 
ma3^ Ij pMfiing the gms into water, and titrate thifl ^ 
tb^ 3<«c£noiinal iodine solution. This titration is made 
order to pve a roogh idea of the quantity of SHj in 
solntacou shonld the latter contain more than - 04 per o 
of the gaa, the rest of the scdntion is measured out 
diluted with air>finee water to the requisite volume, an 
measured Tolnme of this diluted solution titrated with 
iodine solution. This titration will indicate very nei 
the proper amount of iodine solution required. 

During the pixwess of titration as conducted above, t] 
is a liabDity of loss of gas by its escaping into the air, 
also by the oxidising action of the same, and these teni 
make the results rather low. In order to avoid this souk 
error the following method of procedure may be adop 
Introduce into a flask almost but not quite as mucli icx 
solution as was required in the last titration, and add to 
the quantity of diluted sulphuretted hydrogen soln 
employed in that particular titration. This amoimt 
destroy the colour of the iodine solution. Now add a 1: 
starch solutiou, and carefully run in more iodine sola 
until a permanent blue colour is just obtained. 

From the total volume of iodine solution used the amc 

of sulphuretted hydrogen can be calculated. Each c.c. 
iodine solution = 0*0017 gram HgS. 
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PART IV. 

SPECIAL ANALYSES REQUIBBD IN GASWORKS. 

I. Proximate Analysis of Coal. 

56. The proximate analysis of coal consists of the 
)wing determinations: — Moisture lost at some stated 
perature, volatile matter* fixed carbon, ash, sulphnr. 
) actual amounts of carbon, hydrogen, and nitrogen, are 
3rmined by means of elementary organic analysis. 

Estimation of Moisture. 

The actual temperature at which coal should be dried is 
[ler a disputed point. It is known that coal does not lose 
its moisture at 100^ C, consequently some analysts 
ommend drying at a higher temperature than that of 
ling water, but as 100° C. is a temperature easily obtained 
1 kept constant, it is a convenient temperature to adopt as 
tandard. Powder about two grams of the coal very finely, 
igh the same between two watch-glasses, and dry in the 
iter-oven at a temperature of 100° C. Weigh every two 
urs. After drying for some time, it will be noticed that 
e coal increases in weight, consequently no constant weight 
U be obtained, the lowest weight observed should therefore 
taken. The increase of weight, after drying for a period, 
fi been attributed as being probably due to the slow 
idation of some matters in the coal (pyrites, &c.), or it 
^y be caused by the absorption of gases into the pores of 
e coaj which the expelled moisture left vacant. 
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a Boon as the oombuBtible matter is entirely consuraeJ, 

IT the tnbe to cool, tien witbdraw the boat and weigh it. 

i method of working,* beuiitifully clean ash can be 

d in a very short lime. It ia advisable to take a 

rate portion of coal for the determination of ash, and not 

ireigh a portion of the coke obtained in the determination 

" 6 volatile matter, as coke abaorbs moisture very rapidly. 

Eg aah should bo preserved for the further determination uf 

olpharic acid which it contains. 



Eilimation of Sulphur, 
1 determining the sulphur in coal, it is necessary to 
ingnish between the sulphur which goes over in the 
Mle matter, the sulphur tcniaining in the coke, but which 
§ bo converted into SOj by combustion, and the sulphur 
6 finally left in the ash combined as sulphate. For 
fcpurpose three determinations will be neceasary, 
J;{1) Total Sidpkar.—This ia beat obtained by the method 
faviBBd by Nakamiira, which consists in heating the coal 
below a red heat in contact with alkaline carbonates, by 
■rliioh the coal, whether bituminous or not, rapidly undergoes 
Mftiout evolution of smoke, complete atmospheric oxidation, 
^■manner hardly to have been expected. The details of 
Blnethod are as follows: — 

■ Weigh out accurately about two grams of the very finely. 
V'XBdeTed coal, and mis it with four times its weight of dry 
">^ii mixture (sodium and potassium carbonates mixetl 
in iheir molecular proportions). The mixing is effected by 
Mding the fusion mixture gradually 1o the coal, contained 
•o a pliitinum crucible, and stirring oonatantly with a dry 
glass rod. The crucible ia then loosely covered with its lid, 
*nd the mixture at first gently heated, so as not lo vo!tllili^o 
"■8 hydrocarbons, that is, so that no smell, or only a faint 
JWmatio odour is given off. An Argaud spirit lamp should 
d as the source of heat, in order to avoid the possible 
fptioD ofsalphur from the flame of coa.\gaajwV\(ii.ttt\^'t 
1.1 



«^^if •■^■■•■r ^ft^^B boner were o&ed. Keepat 
bv^^^MMii* fe MB« tiHC; titen alowly increane the lie 
wUa^faiMg ic ■■«& Aat of Tinble redness, until tiie sn 
ftlB «f Aa aai^ ^m^ ia at first of tt dark grejr ooloa 
hnma* vify fa>ati|v gt c j. Ko Emobe or odoroiiB ( 
AmM mamfi *n^'tk* ^oLo of tlie oxidation. When 
lfci» te— ^ •^y fciXi y gnj, taiee the temperature toi 
Uat nd hi>tt and kaap it •tationarjr for about forty to dity! 
■!■■»■ ; at Ike aad «C tkis lime the mass will have beooml 
iIbmm «btB. a^nmg to tK» mmplete combuetion of the cod,' 
bvi if mm be pnwt i> the eoel the tint will be reddisL 
Tbe erwobla is now eUowed to cool, and tbea placed Ii 
beaker of dietillHi water, tbe beaker covered witb a cloot 
glttH; and gentlj heated for some time, when it will genenllf 
be fumd that the maaa is wholly detached from tbe cTucible, 
and the greater part dieaolTcd. When that stage is leache 
tlte crucible is carefully lifted out of the beaker with t! 
cruvible toi^s, both tongs and crucible being well rinsed wtt 
distilleil water from the waeh-bottle into (he beaker, 
hydrochloric acid is now added to the contents of the 
in order to drive off the carbonic acid (due to the ftuio 
mixture); the acid should be added very cautiously, and il 
small portions at a time, the clock-glass being immediate^ 
replaced after each addition, otherwise there is a risk of loi 
by Bporting, Wiien all the CO^ appears to have been driwi 
off, tbe Botution should be raised to incipient ebullition, O 
maintained at that temperature for some time. It is tiu 
filtered, with the object of removing eand, &o., which Ml 
not be weighed. It is necesBary to be careful not to lose ai 
of the filtrate, and the filter-paper sliould be washed until 
oeoeea to redden blue litmus -paper. The filtrate is tb 
treated with a few drops of bromine, brought to the hoilii 
point, an excess of solution of barium chloride added, ai 
kept boiling for about ten minutes longer, the precipitat 
BaSO, is allowed to settle, filtered, washed free from « 
ttuit excess of BttClj, dried, ignited, and weighed, in the saO 
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mner as in the typical analysis of barium. From the 
eight of BaS04, the amount of sulphur in the coal operated 
1 (233 parts BaSO* = 32 of S) is obtained, from which the 
Brcentage is easily calculated. To secure the complete 
xidation of the coal by the above method, it is most im- 
lortant that it should be powdered as finely as possible ; the 
lest plan is to sift it through cotton cloth. Stirring the 
oixture during the oxidation, impedes the process instead of 
lastening it, as might have been expected, probably by 
dosing the passages left by the unconsumed coal. 

(2) Volatile Sulphur in the Gohe. — The sulphur, which is 
lonverted into sulphur dioxide on combustion of the coke in 
ir, is determined as follows : — 

A quantity of coke, equivalent to a known weight of coal, 
8 roasted in a platinum boat, in a combustion tube in a current 
>f air, as in the determination of ash, Fig. 36 p. 114. The 
;aseou8 products of combustion are aspirated through 10 c.c. 
•f standard solution of iodine placed in a bulbed U-tube. 
Hie following reaction then occurs: — SOg + I2 +2H2O = 
^2^04 +2 HI. The amount of free iodine remaining in 
olution is determined by standard solution of sodium thio- 
nlphate, and the amount acted on by the SOg is obtained by 
difference. From this the weight of SOg and of S may be 
alculated. 

(3) Sulphur in the Ash, — This can be done in most cases by 
•oiling the ash with a little hydrochloric acid, filtering, and 
'ashing the residue. The sulphate is determined in the 
Itrate and washings as in (1), or the ash could be fused with 
Ikaline carbonates. 

67. The following are methods for ascertaining the 
naount of carbon, hydrogen, nitrogen and oxygen in coal, 
•rganic bodies (of which coal is one) are always composed 
f hydrogen and carbon, generally in combination with 
^ygen, and often with nitrogen, the other elements, such as 
IJorine, sulphur, &c., occurring much less frequently. 

When &ny organic substance oontaimng eax^oii %.\A 




hydrogen is burnt in air or in osygen, tbeee elementa c 
Iiiiio with tho osygen, aiitl are converted into carbon dioJ 
aiid water respectively. Therefore, by making atittttl 
urTan<j:emQnrs, it ie possible to collect and weigh the (X 
:ind HjO, and from the weight obtained, to dednee 
amount of carbon and hydrogen in the substance operate 

The operation of burning is termed making a "ci 
tion," and ie generally effected in a current of air or osyga 
but a common metliod ia to heat the organic Hubstance wl! 
some material which will readily part with its oxygen, svi 
an oxide of copper or chi'omate of lead. 




Ab combustions are always made in tubes (generally 
glasa) a furnace for heating the same is needed. There 
a number of different forms of furnaces in use ; the 
shown in Fig. 37 is known as " Hoffman's," In this foi 
of furnace the combuHtion of coal gas, supplied by a aeriea- 
vertical gas jets, ia effected by means of a number of p 
forated day burners in which the gas ia mixed with 
These burners are arranged bo as to form a channel for 
comb'istion tube, a ayatem of stop-cocks serving to reguh 



the heat, or to confine it " 



itlii] 



tube in which the cumbustion is made, know 
buBtioii tubs," should be of very hard j 
soften at a red heat, or, if it does ao, not s 



any desired limit. 1 
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it to be blown out by the internal pressure of the gases. In 

Older to make a combustion tube, procure a piece of good 

combustion tubing, about ^ inch in diameter and 3 feet long, 

thoroughly clean it inside, by passing a piece of cotton wool 

attached to a string through it several times; next heat the 

tul}e strongly in the centre over the blow-pipe flame, turning it 

constantly round while doing so; then, when it is quite soft, 

separate the two halves in a direction at right angles to the 

length of the tube ; let it cool, and when cold cut it in two at 

the narrowest part, and seal up the points in the blow-pipe so 

as to make two tubes of the form shown in Fig. 38, and 

finally round off the edges of the open end in the blow-pipe 

A soft cork which fits the tube tightly, and pierced 



^ 




Fio. 38. Fig. 39. 

with one hole will also be required. The water is collected 
in a calcium chloride tube. Fig. 39. This tube is filled with 
gnumlated calcium chloride in small fragments (but no 
^^t), a loosely fitting plug of cotton- wool being placed over 
the CaClj at D, in order to prevent any small particles of 
CaCHj from being carried over. The open end of the tube 
is closed with a tight-fitting cork pierced with one hole, 
through which a piece of glass tube bent at right angles 
passes. This cork should be made quite gas-tight, by coating 
it with sealing-wax or melted parafiSn. The apparatus 
should be provided with a loop of platinum wire, to enable 
it to be hung on the hook of the balance when weighing. 
When not in use, the ends of the tubes should be closed by 
small corks, made by cutting down the portions of cork left 
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hi the oork-borer when boring corka. The COj is ateorbeil 
bjr tho potash bulbs, shown in Fig. 40. The bulba ure fillei, 
to the eiteut imlicstad by the dotted line in the 6giite, 
with Httxing potash aolntion, prepared by dissolving three 
puis of potash free from carbonftta, in two parts of walw, 
The bulbs are readily filled with thii 
liquid contained in a porcelain disli, )>j 
dipptug the end of the tabe cemiect 
with the larger bulb beneath the eurfaot. 
of the potash solution, and gently upi- 
rating at the other tube, until the re- 
quired amount has been drawn in, 
tnbe is then carefully dried, imide 
out, with filter-paper, and the ends d 
fW W. the tube closed with small corks, 

piece of platinum wire is twisted roDcl 
lb* tvbM whero they touch, in tbe manner shown in Ha 
igmn; tfaisBerres to suspend the bulbs from the hook 
b*]MKW-p*a. 

In onloi' to luake a combustion of a sample of coal, the 
ro«ihQ9li'.<n tabe. Pig. 3S, is made perfectly clean and quite 
diy. It ie then filled for about 14 inches of its length \rith 
jMn <^tott&ta of lead, which has prerioufily been made hot 
A nwpla of th« «oftl is reduced to fine powder, and 
Sve pvM AT* weighed, and carefully dried, at a temperatmO 
of 5*0* F. Aboot a fourth of the lead chromate in th' 
liVKtkMi tnliQ ic then placed in a hot porcelain mortar, th( 
<v«l » wldcd, and the two are intimately mised. The r 
■ Mftli A w of tlw chromate in the tube, with the exception < 
« nWfte »f UkJmb is then added, the whole woU mised, ai 
■yiblU; tntmfiirred back without Iobs to the oombustii 
*wW. IV norter is then rinsed with a little &esh h 
k'4«v«MtiK ^)rluch is «I«o placed in the tube, which is &) 
'UMl *f kit inthin S or 4 inches of its mouth with pure h 
«M puK> copper turnings are then preesed in 
*f«fi»t «> aa to effect the decomposition of w 



>xiile8 of nitrogen wliich may be fornaed (luring the < 
3TiBtion. The combustion tube is then rapfwd Imrizontally on 
the bench, bo as to shake i3own the maes, in order to allow a 
free passage above by which the OTolved gasea can escape ; 
It may then be placed in the furnace, the open end of the 
sombuption tube projecting about an inch from the fnrnace. 
The calcium chloride tube. Fig. 39, preTioiiBly weighed, is 
attached to the comliustion tube by means of its cork, 
and to the end of this are connected, by a short piece of 
india-rubber tubing, the previoTialy weighed potash bnlbs. 
Pig. 40. 

After making certain that all the conaections are qnite 
tight, the combustion is started, by lighting the gas burner 
Oearest to the open end of the tube. Aa soon as the fiont 
of ihe tube attains a dull red heat, the nest gas tap is opened. 
Bind the same operation gradually performed along the whole 
length of the tube, until the whole length attains a dull red 
heat {It is necessary to effect the heating gradnally, in 
Oidar that the gases evolved may pass away slowly, aa, if 
they were driven off too rapidly, a portion might escape 
fclBorptiun.) 

Ab Boon aa bubbles oeaae to pass through the potash 
bnlbs, the point of the combustion tube is broken off by 
tneans of a pair of piucera, and a current of dry atmospheric 
ftir, free from COj, is slowly drawn through the apparatus, 
l^ means of a auction tube connected to the end of the 
potadi bnlbs. In this way, the whole of the CO, and water 
'Vttpour remaining in the apparatus is swept through, into 
the receptacles intended for their detention. The chloride 
W calcium tube and potash bulbs may now be discontiected, 
■llowed to cool, and when cold re- weighed. 

The gain in weight of the CaCla tube is due to water, 
ftnd of the potOH^^s to CO^. 

As an exar^-^^^-sing that we had weighi 

loal, that the CaCl, tube 

K grains in 'lo potash Wlba t 
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then, in order to find out Low much hydrogen 
of HjO, are equivalent to, we Bbonld aay — 



and to obtftin the percentage — 

Ab 5-5 : 100 :: -355 : 

To obtain the amount of carbon the 15' 7 grains i 
are equal to, we should Bay — 



and to obtain ibe psruentage— 



5-5 



100 



In order to determine the amount of nitrogen, thj 
element is converted into ammonia by a combustiq 
eoda lime, in a similar combustion tube to the one 
in the determination of hydrogen and carbon, bi: 
not be no l^ng, A convenient length is about ] 
About !) inched of the length is filled with dry bi 
A portion of this (about a third) ia then shuken ( 
porcelain mortar, and intimately mixed with about ti 
of finely powdered coal previously dried. 

More soda lime is then shaken out (leaving a 
the tube), mixed, and the whole replaced in the tuba 
mortar is then rinsed with a little suda lime, which iq 
to the contanta of the tnbe, which is now nearly fi 
fresh soda lime. A ping of aabestos is placed in tl 
of the tube, the contents of which are then shaken 6» 
as to leave a space for the passage of the ga 
then placed in the combustion furaace. 

The bulbs, Fig. 41, are now connected with tl 
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ibe by means of a perforated cork. The bulbs are 
th. dilute sulphuric acid, made by adding 10 c.c. of 
sulphuric acid and diluting with distilled water, 
bnstion is then conducted as in the determination 
1 and hydrogen, but it may be effected more rapidly. 
le evolution of gas has ceased, the bulbs are discon- 
Bind the contents separated from tarry matters by 
1. 
solution is then coloured with a few drops of 
il solution, and titrated with a standard solution of 
Boda, of such a strength that 3 c.c. of the soda solu- 
Ltralise 1 c.c. of the acid solution. From the number 




Fig. 41. 

Q centimeters of the soda solution required, the amount 

lOnia may be determined as in («^9). 

) amount of oxygen in an organic compound is always 

bed by diflference, that is, having ascertained the 

i of all the other elements entering into the com- 

a of the body under examination, the amount required 

:e up the 100 parts is put down as oxygen. 

B above description is only intended to give a general 

' the method of performing an organic analysis, it is 

impossible to describe the various precautions neces- 
I be observed in order to make a reliable determina- 
jT this method : the only way of obtaining the requisite 
sdge is to see an analysis actually performed by 

operator. 



. It if 



Specific Gravity. 
[«asionaUy requisite to know the weight ol 



oubio foot of the coal, or the nniuber of cubic feet o 
Bponding to a ton. Tiiie ia easily arrived at when 
gravity of the coal is known. The specific gravity of a IxM 

expresses the relation which exists between the weights! 
eqnal bulks of one substance compared with another, c 
as the standard. For solide and liqiiide, the standard 
distilled water at the temperature of G0° F, 

In order to take the specific gravity of a sample of c( 
a small piece weighing about a 
ounce ia selected, and suspended b 
means of a horse-hair, or piece ( 
fine silk, from the specific grsTi^ 
pan of the balance, 
accurately weighed, while hanginj 
in the air. It is then i 
in a beaker of distilled ■»»!«, 
as shown in Fig, 42, and agsin 
weighed. Before the weight u 
water is recoi-dod, any adhering 
air bubbles must be removed frcmi 
the surface of the ooal. Thia il 
effected by removing the sample 
from the water after it has been ub- 
mersed for a short time, aadbrnah- 
ing the surface with a moistcnei, 
camel's-hair brush. It can then be put back again i 
the water, and the weighing completed. 

It ia also desirable that the coal be sufficiently saake^l 

this is effected by immersing the Karaple, after attaching 

horse-hair to it, in water in the flaak of the filter pump, anS 

exhausting the air within the apparatus as far as praotical)l* 

The difference between the weight of the coal wdflft 

r, and when weighed in. water, is t 
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btilk of water ttfaal to 1^ Vnik of i^ amZ. 

ie the ^weight of the eoal ik TB^aasm i& laiia of 

T ^words its ii|Mf'iiMr gimii*«. » &izxid tnr firiffiii^ i^ 

;bt in air hj die Iom a£ vcB^tii ia va&c. ac imflfir. 



WeiglitofeoAliaair ~ SOR- 



en 



626-7 



386 



Y = 1-S46. the specific giaTity «f tlK: coaL 



The specific g i a r i ty beii^ 
ta are easil j oakmlateil from the saaie^ A calac loot of 
iter at 60° F^ weighs exactly 1(«» aa&oea. hec«e a calac 
ot of coal having the specific graxitj grren alM>¥«, will 
eigli 1364 OZ8., or 82- 25 IbsL axoiidiipoia. Haring obtained 
is information, the measiiraiient or ^aoe occupied bj a 
n of the same coal is arrired at as under — 

2240 
8F25 = 2«-28. 

le measurement of a tcm of the coal in cahic feet. 



IL EsTDfATIOH OF THE ImPC2ITI£9 CT CrUDS GaS. 

Sulphuretted Hydrogen and Carhome Add. 

69. These impurities may be determined with accuracy 
r the method devised by Mr. L. T. Wright, F.C.S., and 
bribed by him in a paper read before the Nottingham 
<5tion of the Society of Chemical Industry in the year 
85. 

This methcid, which is founded upon th'* 
%ht of absorption tnbes, admits of tiie us 
^ge quantity of gas^ collected regularly 



A 6-iseh tsbe, eh&rged witli boAa lime in the manner al 
ilii litail serros for xiat* aoaiyses of 0-5 cnbic footee 
of gia «MtiiT»iiig frpin 10 to 12 grains of CO, per c 



In «MM where there i» also ammonia in the gaa t 
tested, as in the inlet to the Bcmbbern, it will be requisite^ 
effect its iviQOTal before the gas reachee the weig] 
This might be done by means of the drying cylinder o 
taining calcic chloride, 'which effectually removes NHj fi 
etml gas ; bnt in order to maintain the neutrality c 
calcium chloride, it is bett«r to remove the NH3 froi 
gaa before drying, by passing the gas through b 12^ 
D-tnbo filled with pieces of broken pnmicn e ^~ 

syroj^ phosphoric acid. It should be noted tl 
off samples of coal gas for analysis, certain % 
necessaty, since vuliMnised and iron tubing, 
remove SH, from crade coal gae, so that it is 
have the services condncting the gas from the s 
tested to the absorption tubes as short as ] 
previously saturated with omde coal gae. It is For 
of importance to keep a tolerably quick current c 
through the Iron pipe, in order to prevent the gas E 
becoming " stale." The iron service should be fitted fl 
four-way piece and three cooks. One of these serves to 
the gas to the train of apparatus, another to be left 
during the esperiment, blowing gas away, and thus mail 
taining a rapid current in the iron pipe, while the third m 
ie u^ed frir other purposes, such as the examination of ^ 
for ammonia, &c. Pefore malting an analysis it it 
to blow away a little gas, in order to clear stale gas 
the iron service pipe and bring along a fresh supply, 
complete apparatus can now be described. 

The first piece in the train is the syrupy phosphoric 
tube, which can, however, be dispensed with in cases w 
the gas has been previously thoroughly wasiied free f 
ammonia. This tube is directly connected with the oock 01 



I pipe by me*E8 of a amall pieoe of "sataratod" 
\ tnbing. 
i outlet of this tnbe is in commanicatioB witL a lat^ 
cylimler, filled with small pieces of calcinia chloride 
■free from alkalinity. Tlie outlet of the drying 
is provided with a T-piece, which carries on ane 
L Bin&ll piece of Tulcanised tubing and a screw pincb- 
'oT "the purpose of Llowing away a little gas before 
ng each experiment. The other arm of the T-pieoe 
mnected to the inlet of the cnpric phosphate tube, the 
et of tlie latter being connected to the inlet of the soda 
^ube. A gas meter connected to the outlet of the Goda 
tube completes the apparatus. The meter moet 
Aq for the purpose, is the test-uieter employed in the 
Seferees' Sulphur Test. It is advisable to bring the 
H" attached to the meter up to within a division or so of 
ao mark by means of the key provided for that purpose, 
hen to "blow gas through until the pointer exactly covers 
park : by operating in this manuer, any error duo to 
I the gearing of the index is avoided. Uofore 
ing an experiment, gas should be blown away at ihe 
t of the d^'i^S cylinder, as well as at the cock on the 
Bsrvice. When the tubes have been weighed full of 
I coal gas, and all the pieces of the train joined tightly 
flier, the etop-cocks are turned on, and the gas is allowed 
3 through the apparatus at a moderate rate, which 
ten more dependent on the pressure uf the gas, than on 
(rill of the operator. Erom 0-26 to 0'60 cubic feet per 
-ie a convenient rate, and one well within the limit at 
ti the complete action of the reagents is obtained. The 
itity of gas used for each experiment is a matter of 
ONce, and will be determined by the amount of impuriti 
1 the gas to be examined. When the required qoai 
as has passed through the tubes, the inlet Htopp* 
qihate tube, and the outlet stopper of tlio soda I; 
med off, and the two tubes are taken o^ 
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70. The carbonic acid in ertide ga» mat/ also be eetimaUS 
a volumetric method deei»ed by Jtfr. /. T. Sheard, F.C.S., I 
ctimmtinieatcd by him to (he Jowrncd of Gas Lighting. 

Tlie apparatus employed ie shown in Fig. 43, and i> 
form of Volhard'a absorption apparatus, as modified by H 
Sheard ; it may be said to consist of three parts, to., tl 
reeervoir or body of the apparatus, the bulbs, wid ll 
Bombber, vbich is the long tube filled with pieces of brotl 
glass or glass beads. The apparatus is made of blown glsi 
and has a total capacity of from 250 to 300 c.c. Not mol 
however, than about 40 c.o. of liquid, or the contentfl 
rather more than one of the bulbs, can be employed in it 
on© estimation. When in use, the pressure of the gag fo 
the liquid out of the reservoir into the bulbs, and th6 
bubbles through it. 

The method of using the absorption tubes is to n 
the reservoir, a known quantity of the absorbing liqiiid 
known value, and then to cause a measured quantity uf g 
to bubble through it ; the scrubber is afterwards ricsedw 
distilled water to wash down any portion of the abeorli! 
that may have been mechanically carried into it by thejp 
and the whole of the resultant liquid is titrated in the real 
voir. The method adopted for the estimation of COj,comii 
in absorbing it in a solution of barium hydrate of knffl 
strength, the resuliant liquid being afterwards titrattdi 
order to ascertain the amount of free hydrate remaining 
solution, from which the amount of CO2 absorbed ie dednO 
The indicator employed is phenol-phtbalein, prepared by3 
solving 0-5 gram of the substance in 1000 c.c. of 50 perM 
alcohol. In the prcbence of the hydrates of the alkalies ■ 
alkaline earths, this indicator gives a splendid purplfri 
colour, which is destroyed on neutralising the alkali by 
acid, the end reaction being exceedingly sharp and distin' 
cai'bonate of baiium precipitated in a solution of the hydl* 
does not develop a red colour with phenol -phthalein, !> 
TemaiuB neutral. It foUovja fhat &e -^aXne 1? \.\ie. «ilutiDn 
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Run hydrate being known, aeimple titration of theliqtiid 
; absorption of COj, will show the diminntion in the 
noant of free hydrate present, and infereutially the amount 
>{ CO3 absorbed. The Bolutioa of barium hydrate is made 
by diBSolviog the ordinary crj-stallieed hydrate of baryta in 
water until the solution is saturated, and then syphoning off 
tihe clear liquid into a well-stoppered bottle. The strength 
of the clear liquid is then deteniiined very accurately by 
titration with decinormal hydrochloric acid, and should be 
approximately equal in strength to that acid ; i.e. if (say) 
■oooh more tbau 10 c.o. of the acid are required to neutralise 
the same quantity of the baryta solution, a little water 
shgnld be added to the latter to reduce its strength. It is 
aaoeasary that the strength of the Bolution should be checked 
^ titration from time to time, as, unless very carefully pre- 
' wrved from contact with the air, it gradually loses power 
tbroQgh the absorption of CO^. In addition to the gas ab- 
' Kirption tubes, an aspirator, two 500 c.c. flasks, two 60 c.o. 
I tnrettea (graduated into 1-lOth c.c. and provided with glass 
rtop-cocks), a aujjply of distilled water, and a decinormal 
, Blotioa of hydrochloric acid are required. Each cubic centi- 
' iiiBtro of this solution ia equal to 0-0022 gram of UO^. In 
Order to oiake a teat fur COj (the gas being previously 
ftwd from H.^8 by passing it through a small oxide purifier), 
a measured quantity — varying from 15 to 30 c.c. according to 
lie amount of CO^ expected to be met with in the gas— of 
the barium hydrate solution is run from a burette or pipette 
Into the reservoir of one of the absorption tubes, and from 10 
to 20 c.c, also accurately raeasured, into another tube. Should 
the gmaller quantities mentioned be employed, an equal 
wnouot of distilled water is added, as the best results are ob- 
tained when the lower bnlb of the first absorption tube is 
Ittite filled with liquid as the current of gas bubbles through 
't- About 30 c.o. is therefore the proper amount of liquid ; 
if much more than this is employed, it is liable to be 
fried forwar.i into the scrubbiT. The absor'jitw-n tuV* ^xft 
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bent glass tabe while the gas is flowing, care being i»^^^ 
that the pressure of the gas snppl j is not so great as to iotc^ 
its way through the liqnid in the bulbs without the aspira^^ 
being in operation. Assuming everything to be in readin6^ 
the measuring flask is placed under the tap of the aspirat^^* 
and water allowed to flow, so as to draw the gas in bubble® 
through the liquid in the bulbs. It is necessary at this 8i^& 
to 8ee that the connections are quite gas-tight, which m^^ 
be done by turning off the gas supply^ and the tap of t^ 
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aspirator, and obBerving whether the levol of the liquid in 
the bulhe remains stationary or not. If the connectione are 
ti^ht, the current ofgoB is oontinued until 500 c.c. have passed. 
M shown by the wat«r that is ran out of the aspirator. (Slr- 
Sbeard found that the best speed of current was obtainc<l 
■nheu the f ow of water from the aspirator is adjusted to the 
HDt at which it breaks from a succession of drops to a con- 
inoua stream,) The gas supply is then disconnected from 
inlet to the first tube — which js done without stopping 
iw of water, by slipping off the india-rubber gaa-tube as 
water in the flask passes the mark — -a fresh Bask is brought 
ider the aspirator, and a farther quantity of 500 c.c. of air 
through the apparatus, in order to drive forward the 
remaiaiug in the reservoirs of the two absorption tubes 
the end of the first aspiration. The tubes are then dis- 
imted, and a little ^vater (free from COj) run through 
L order to wash down any of the barium 
Irate solntion that may have been carried forward me- 
inically by the gas, A few drops of phenol-phthaleiu 
lution ai'e now added, and the liquid is titrated with deci- 
il hydrochloric acid, the pointof saturation being shown 
the disappearance of the purple colour imparted to the 
|uid by the phenol -phthaleio. 

In titrating the carbonated liquid, the acid should be 
little at a time, and allowed to run down the sides of 
not dropped directly into the liquid, the liquid 
ig gently agitated after each addition of acid. The dil- 
between the quantity of free barium hydrate found 
the close of the experiment, and that run into the tubes 
it the commencement of the same, shows the amount of CO^ 
absorbed ; and from this, the amount of the latter impurity 
existing in the gas may he calculated into grains per cubic 
'Mt| or percentage by volume. 

Example: — Two gas absorption tubes were charged in 
ftfl manner described, the first with 25 c.c. and the second 
Kith 18 c.c, of barium hydrate solution, 500 e.o. of gaa 
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followal by an equal quantity of air, being aftorwarda drai 

through them. 

At tbc end of the experiment, the scrubbers were rins 

with water, phenol-phthalein solutiun added, and the liqni 

in the tubes titrated with decinormal hydrochh 

16"00 C.C. buing required to neutralise that in the first tab^ 

and 19 • 00 c.c for the second. The titre of the barium hydmtt 

N 
Bolution used being 1 cc= 1"09 o.c. — acid, 

therefore, 

EqniTalent or lu 

— acid reqiiinil to nentraliae the reBUlUnt I . ,,,„ ,n.-|, 

EquiviilcDt of BftO.HjO neutraJUed .. ., 10 65 „ OK- 

From these data, the percentage by volume, or grain!, » 

COj per 100 cubic feet of gas may be easily obtained, bnt i" 

order to make it quiie clear to those who are not used to io 

calculations, the process is described in detaiL 

(1) To olitain the percentage by volume. 

The total equivalent of BaO, H^O, neutralised as sbo** 

is 10-65 + 0-62 = II -27 c.c, and as each c.o. ia equals 

0-0022 gram CO,, 11-27 X 0-0022 = 0-024794: gram (A 

Now the vf eight of 500 c.o. of 00^ saturated with moiaturt ^ 

0*914 gram, consequently— 

As 0-914 : 0-024794 :: 500 : 13-56, 

that is, in the above experiment there were 13-56 c.o. oiw 

in 500 cc. of g 

Therefore, in order to obtain the percentage we say — 

As 500 : 100 :: 13-56 : 2-71 = 2-71 percent by 

volume of COj. 

The above might be more shortly written thus:^ — 

11-27 C.C.X 0-0022 gram x 100 „ .,, ^ i„ i ^ 

— — e- H = 2 ■ 7 1 per cent, by voluw 

0-914 gram *" ■' 
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i more shortly still, by employing the factor 0*241 (ob- 

. _ . -0022 grm. X 100 ^ o^1^ 

ined thus : — 7,-^-1.1 =0-241) 

0*914 gram ^ 

len 11-27 x 0*241 = 2*71 per cent, by volume of CO2 as 
•efore. 

(2) To obtain the weight in grains of CO2 per cubic foot 
of gas. 

As before, 11*27 XO '0022 = 0*024794 gram COg, and 
as there are 15*432 grains in a gram, 15*432 x 0*024794 = 
0-38262 grains CO2 in 500 c.c. of gas. Now 1 cubic foot = 
28,315 C.C., consequently — 

As 500 ; 28315 : : 0*38262 : 21*66 = 21*66 grains of COj 

per cubic foot of gas. 

This might be expressed more shortly thus : — 

n-27 c.c. X 0*0022 gram x 15*432 grains X 28,315 c.c. 

500 C.C. 
= 21*66 grains CO2 per cubic foot of gas, and from the 
^^ 0-0022 X 15-^432 X 28,315 ^^^ ^^^^ ,.922 -^ 

obtained, which shortens the calculation materially thus: 1*92 
X 11-27 = 21 * 66 grains CO2 per cubic foot of gas as before. 

Th/e amount of sulphuretted hydrogen in crude gas may 
^Iso he estimated by means of an acid solution of cadmium 
blonde, 

71 The gas is slowly passed through a solution of the 
above contained in a couple of Woulflfe's bottles, and is then 
^iieasured by means of an aspirator or meter. After passing a 
^iiantity of gas at the rate of about half a cubic foot per hour, 
tbe bottles are disconnected, and the precipitated cadmium 
^^phide is washed on to a filter ; the contents of the filter 
^^"6 then placed in a beaker with distilled water, and bromine 
*^ded in excess so as to oxidise the CdS to C^^O ^. "IV^ 



liriimiDe is driven oS by beiit, and the reealting eolntiov 
filtered and waehed, tlie filtrate (CilSO,) is then treated 
with an exneas of EaOlj whicli precipitates BaSO^. ThtB it, 
irasbed, dri^, ignited and weighed in the usual manner. 

233 parts BaSO, correspond io 32 of sulphur, and 3S 
parte of Bulphnr are equal to 31: tt) sulphuretted hydrogen, 
from which the quantity per cnbio foot can readily be osl- 
oulated. 

The method of determining the amount of ammonia in 
crude gas is described in (92). 

m. TasTiNO PuKiFiED Gab fok Sulphuhktted HTDaOflJWi 
Ammokia, and Sdlphuu Compounds according m ™i 
Instructions of the Gas Eefeeees, &c,' 

72. The testings for the above impurities exteni OWt 
twenty hours of each day, and are made on 10 cubic fwt of' 
gas, which is tested suoceBsively for each of the following:— 

(1) Sulphuretted Hydrogen, — In testing for this imputilji 
the gas, as it leaves the service-pipe, pat^ses tbrongb W 
apparatus in which are suspended slips of bibulous pBp** 
impregnated with basic acetate of lead. The test paperfroH 
which these slips are cut, is prepared by moistening sheetso' 
bibulous (filter or blotting) paper with a solution of oneput 
of sugar of lead in eight or nine parts of water, and holding 
each sheet, while still damp, over the surface of a e 
solution of ammonia for a few moments. As the paper driOf 
all fiee ammonia disappears. 

It is hardly necessary to state, that if there bo any BBf 
in the gas, the slips of lead paper will be discoloured. 

(2) Ammonia. — The gas, on leaving the above mentuniea 
apparatus, passes through a glass cylinder filled with gl**^ 
beads, which have previously been moistened with a measart* 
(quantity of standard snlphurio acid; any ammonia in thoE*" 

• The full infltroctions of the Gas Referees m to tlio method ott«liJif 
for the above impuiilies will be found iu the Appendix. 



Lbaorbed by the acid, and from the amonnt of acid neu- 
lUed, the amount of animonia in the gaa ia determioed. 
(3) Salp!iur Compounds. — The gaa which has paesed through 
) Bulphurettod hydrogen and aramonia testing apparatua, 
Bsea next through a meter, by means of which the rate of 
w can be adjusted to half a cubic foot per hour, the said 
ater being proviiled with an automatic arrangement for 
uttiag off tlie gas when 10 cubic feet have passed through 

From the meter, the gas passes to the snlphur test, where 
is burned in air impregnated with the vapour of ammonia, 
le resulting water vapour is condensed and collected, and 
miained therein will be found the sulphuric acid and other 
niletjsable products resulting from the combustion. 

T3, The operation of testing the gas for ammonia and 
ilphur, is effected in two stages. The first or preliminary 
agp, consists in arresting the ammonia by means of acid, and 
iming the gas as described ; the second stage consists in 
nding out how much acid has entered into combination with 
16 ammonia in the gas, and the weight of barium sulphate 
Jtained from the condensed products of combustion on 
Uing a solution of barium chloride. 

4. In estimating the quantity of ammonia in purified 
two solutions are required, one containing one grain of 
KHiia in 100 measureH of the solution, and the other the 
ralent amount of suJphuric acid in 25 measures of the 
ioB, which will exactly combine with one grain of 
onio, that is to say, 25 measures of the acid solution 
id exactly neutralise 100 of the alkaline Bolntion. In 
; to prepare these solutions we shall require various glass 
Is graduated on the septem system. The following is a 
f the same:— A deoigallon mixer divided into 100 parts; 
tea to deliver septems; two burettes on stands, one for 
with the acid and the other with the alkaline solution, 
barette being graduated into 100 parts (septems), each 
being further subdivided into fifths. (A septem is equal 



to the one ten-tliouBantlth part of a gallcm, or to 7 grain 
weight of distilled water at 62" F., consequently a gallo 
oontains 10,000 Bepteme, and a decigalloB 1000 Bept«mH). 

76. The first operation is to prepare the Galphnrio add 
solution of such a strength, that 25 lueasures (aeptems) slulf. 
be 6(|ual to 1 grain of aiamonla. Sulphuric acid coinbin* 
wit)i ammonia, iii tlie proportion of one molecule of the »t2 
to two of ammonia, as in the following equatiou ; — 

H,SO, + 2NH3 = (NHj), SO,, 

and, consequently, in the proportion by weight of 98 to 3i, 
therefore, as the Boferees' calculations are worked out in 
grains, 2'6824 grains of acid are required to neutralin 
1 grain of ammonia. Now the epocific gravity of the strungtrt 
Bnl]ihnriG acid obtainable is alx>ut 1'843, coufiequently * 
aeptem of such acid would weigh 12 '915 grains, 

The deoigallon mixer contaiua 1000 aeptems, and, SB tha 
equivalent of one grain of ammonia requires to be contained' 
in 25 septems of solution, the total contents of the miifii 
should contain forty times the equivalent of 1 grain « 
ammonia, or 113-2960 grains of acid, and as one Beptaifl 
aoid weighs 12-915 grains, theoretically we should reqaJn 
8-93 aeptems of acid in the decigallon. Sulphuric aoii of 
the specific gravity 1 ■ 845 is not generally obtainable howeTW 
owing to its absorbing moisture so readily ; it is better, tha*" 
fore, to add an esceBS of aoid, as it is easier to reduce, ibxo 
increase the strength of the solution. If we add9'4sepWi 
of acid it is probable that we shall obtain a solution of &^^ 
the right strength. Therefore, having filled the mixer yf" 
distilled water until the centre of the raenlacusof theBur& 
of the water, coincides with the top, or hundredth line of *» 
measure, 9 - 4 septems of acid are added from one of the ** 
burettes previously mentioned, which should always 
reserved for the use of the acid aulution. The best way 
dealing with the strong sulphuric aoid, is to fill the hurt?' 
with it hy means of a small li^'^edbiia.ber.o.nd having pou: 



tie 9'4 aeptema into the mixer, empty the burette, and 
idiataly wash it out with water until it ceaBes to redden 
litmus-paper, and afterwards turn it month downwarda 
aiu. After adding the acid, the stopper of the mixer 
Id be iiiserted, aud the veBsel well shaken for several 
itea. It should then be allowed to stand in a. cool place 
ome time, eo as to attain the normal temperature, and allow 
I for contraction. When the TeBSol and its contents are 
e cool, 50 aeptems are measured out into a beaker by 
na of a pipette, diluted with distilled water, neutralised 
1 aramonia, made acid with hydrochloric acid, raised to 
boiling point, the solphuric aidd precipitated by I>ariuRi 
ride, and the precipitate filtered, washed, dried, ignited 
weighed as in (24). The net weight of barium sulphate 
dnced should be 13-8 grains, which is arrived at in the 
ring manner ;— 

inety-eight parts by weight of sulphuric acid, give 
of barium sulphate as under : 

HjSO. + EaClj = 2HC1 + BaSO, ; 
93 208 73 233 

I 25 septeme of the acid solution contain 2 '8834 grains 
Iphuric acid, 50 aeptema will contain 6-T648 grains, 
jaently, if we make the following proportion, we obtain 
leoretical quantity of barium sulphate which the 
ptems should give : — 

As 98 : 5-7648:: 233 : 13-76, 
may be eipreeaed in round numbers as 13'8. Pro- 
the weight obtained will be somewhat greater than 
due to the excess of strong acid taken ; and, according to 
leferees' Instnictions, if the weight exceeds 13-9 grains, 
Ik below 13-7 grains, more water or sulphuria acid 
•be added, until the weight falls within these limits. 
i. In order to determine the quantity of water which 
be added to the solution in order to reduce ihe strength, 
strong, divide the number of Be\ittiuia oi tesVaKxi 




contained in the muerby 13'8, and multiply the quotient; 
the difference between 13-8 grains, and the number of gn 
of sulphate obtained. The following is an example, 
eioese obtained being purposely exaggerated. On addi 
Il'4 eeptems of Btrong acid to a decigallon of water, 
Tuluinc of the miiture will be lOOfi- 9 septema (the decresj 
volume being due to the fact that when sulphurio 
combines with water contraction ensnes). On. taking 
the AO sept«niB for the determination of the amoniit 
B»SO„ there will remain 1006-9 - 50 = 956-9 eepteni 
which, being divided by I3-8, gives a quotient of 
Now assuming the excess of sulphate to be 2*0 grains, tlB 
69'34: X 2 = 138*68, as the number of septema of 
necessary to be added. 

This may be more clearly explained as under. 50 x 
of dilute acid, if of correct strength, should give 13-8 grMI 
BaSO. ; but if the BaSO, weighs 15-8 grains as in the exampU 
wo have as much acid present in the 50 septems as sbooM 
contained in 57*25 septems. 

and consequently in 100 septemB,'we have as much ftoid 
should be contained in H4' 5 septems, therefore in the vim 
contents of the mixer we have as much acid preMsti' 
should be contained in 1095* 6 septems. 
956-9 X 114-5 



100 



' = 1095-t 



^^^^■^^ /,if vre subtract 956-9from 109J, „ .,^^^. — _ 

as the number of septems of water necessary to be tAM 
which confirms the result in the preceding example. 

After adding the necessary quantity of water, and ' 
shaking up the contents of the mixer, on operating 
another 50 septems of dilute acid, we ought to get very i 
to the 13-8 grains required, but in case the solution is 80 
too strong, the additional quantity of water 



%y be foiuid b^ the before mentioned mle, dae I 
ing taken of the volame of the solution remaining I 
niier mRer the ftbetractioD of the portion taken I 
the w»ter added, thus :- — ^the 956 ' d septems -J- 1 
jptems of water added, will be eqnal to oboat I 
lepteins, and, after abetnicting 50 septems for & j 
rterminaiion. there will remain 1045-6 sept«m8 to ] 
ed by 13'8, in order to obtain a quotient to bo 
td by the eiceas weight of sulphate obtained, I 

Q case it is wished to prepare a larger quantity of 1 

at one time, "measure a gallon of distilled water I 
lan earthenwate jar or other suitable vossel. Add I 
i septems of pure concentrated sulphnric acid and I 
Dughly." This solution should of course give the 
Bight of BaSO, aa the one just described, viz. I 
ins, but assuming that the weight is greater. I 

i now to the diluted acid a measured quantity of A 
hich is to be found by subtracting I3'8 from the I 
if BaSO, obtained in the experiment and multiplying 
rence by 726, If these operations have been aocu- 
eiformed, a second precipitation and weighing of 
), obtainable from 50 septema of the test-acid, will 
rly the correct number of 13'8 grains." 

only item requiring explanation in the aboye, is 
iting to multiplying by 726. A gallon being equal 
) septems, on adding 9i septems of strong acid to i 
antity of water, we obtain 10,069 septems (the ' 

as in the previous case being due to contraction) ' 
ating out 50 septems from this, we have lemaining 
leptems, which, divided by 13'8, will give as a 
I the number 726, as in the case when preparing a ' 
jn of the solution, on dividing 956'9 by 13'8 we ] 
i the quotient 69-34. i 

Baving obtained the sulphuric acid solution of the j 

etrength we now proceed to prepare the ammonia i 

of equivalent strength for ubd with the same. The J 
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strongest Bolntion of ammcmia obtainable, has TjauBn.r 
speoifio gravity of about 0- 88, and contains about 2 grains o/ 
absolute ammonia (NH,) per septem, consequently on aJding 
5 septems to the decigallon, we ought to obtain a solation of 
nearly the correct strength. This ((nantitj- of strong flin- 
monia ix added to a docigallon of distilled water, the sKpiwr 
of the miser inserted, and the oimtents well shaken ; trials 
are afterwards mude, io the manner described below, 
if iOO aepteioH of the ammonia eolation jnst neutmliw 
25 septems of the standard aoid ; if not, more water 
ammonia must be added, as the casu may be, until lOOsep 
tenis will so neutralise 25 septems of the acid solution. 

Having placed the aoid burette perfectly up^igllt in i 
stand, charge it with the acid solution, and pour frwp 
exactly 25 septems into a clean dry beaker ; Ihe contents i 
the beaker are then largely diluted with distilltd water, si 
coloured with a few diopa of methyl orange solution, whidt 
will turn tho solution pink. The burette reserved f 
alkaline soluticm is thieti filled with the dilute ammonia wlif 
tion, and the beaker coutaining the acid, is placed benestk 
it, upon a white tile ur clean filter-paper. 

The Btop-cock of the burette is then opened, and ti 
ammonia solution allowed to gradually fall into the W 
solution, which is kept constantly stirred by means of a tM 
glass rod with rounded ends. The colour of the acid solntio 
will gradoally cliange from pink, to a golden yellow I 
sherry colour, and whon this change is effected by the !■ 
drop or two of the solution, we may assume that the laltw 
correct, otherwise the strength will have to be increBBedo 
diluted, by adding strong ammonia or distilled water, as t' 
case may be, until the last drop does so change tho colour, 

79. Should it be considered necessary to make a larg* 
quantity of the ammonia solution, "measure a galloi 
distilled water into a clean glass or earthenware veBsal 
!idd to it 50 septems of strong ammonia (sp. gr. 0-flB) 
This should give a solution of nearly the correct atreDg" 
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\ch must be tested and adjusted, if ne co g MLiy, in the 
oilier jnst described. 
80. Both the acid and ammonia solntions should be kept 
§htly stoppered and in a cool place: this particularly 
)plie8 to the ammonia solution, which is yeiy apt to become 
'eak owing to the volatility of ammonia. 

Ammonia Apparatus* 

81. The glass cylinder filled with glass beads in which 
^e acid is placed, is shown in Fig. 44, immediately in front 
)f the meter ; it has a movable nose-piece at one end, and a 
^lass stop-cock at the other. It is supported in a perfectly 
lorizontal position upon a stand. 

The meter employed indicates the hourly rate of con- 
umption by the observation of one minute, and in addition 
egisters up to 10 cubic feet, when the flow of gas is capable 
f being automatically shut off. 

The Sulphur Test Apparatus. 

82. Connected to the outlet of the meter is the sulphur 
ist, Fig. 44, which, in the Eeferees' form of apparatus, 
insists of a small Bunsen burner with a steatite top, which 
• mounted on a short cylindrical stand A, perforated with 
oles for the admission of air, and having on its upper 
iTfaae a deep circular channel to receive the wide end of a. 
lass trumpet-shaped tube B. On the top of the stand, 
dtween the narrow stem of the burner and the surrounding 
JXimpet tube B, pieces of commercial sesqui-carbonate of 
uamonia, weighing in all about two ounces, are placed. The 
t'oducts of the combustion of the gas, and of the gradual 
olatilisation of the sesqui-carbonate of ammonia, go upwards 
trough the trumpet tube, into a vertical glass vesnel C, 
hich is filled with glass marbles, in order to break up tho 
i^nt of the ascending gases and promote condensation. 
^om the top of the cylinder a long glass chimney-pip« 1) 
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; this Bervea to effect Eomo further couilensation, as 

1 &s to regulate the draught, and affords a means of exit 

for the uncondeneable gases. In the bottom of the cylinder 

a small glass tube ie fixed ; through this, the liquid formed 

during the testing, drops into a beaker placed underneath. 

The Gas Referees give various precautions to be otwerved in 

selecting and setting up the apparatus, which ■will be found 

in the Appendix, but in addition to those precautions, it is 

eesarjc to be careful not to place the apparatus where it 

cpoeed to very low temperatures, or the results obtained 

" 1 inaccnrate, owing tu the fact that there will not be 

t beat to thoroughly volatilise the sesqui-carbonate 

immonia. In the event of there being no chance of 

Iding placing the apparatus in sach a sitoation, then it 

, be necessary lo encloee the trumpet tube in a casing. 

I may be made of tin, care being taken not to interfere 

li tfae air snpply, otherwise there will be imperfect com- 



FUting up of the Apparatu*. 
93. The whole train of apparatus is shows in Fig. 44. 
rha bench or table upon which the instrumenta are 
inst be level and firm, and not be liable to vibrationa, 
The snlpburetted hydn^n test is fixed upon a stand at 
Qod of tfae bench, a metal gas service pipe is connected 
kl inlst, and tta oatlet is oonnected by a short piece of red 
; bat not grey, india-rubber tnbe to the ammonia 
, Tbe wfaole train is then connected np aa shown, 
^^ . pieoea of tbe same kind of india-rubber tnbe. 

UL la ocder to make a test we procee>l as followa : — 

;tadaIi|M of k:»d p^er in tbe salphnretted hydrogen te«t. 

■Caaie tits g^lm ejlhidtr &om iis stand, taking ont tfae 

EAMotd EbM tuae-foeoe and doaing the glass stop-covk. 

Pthe gUaa dnnniey tnlw fiom above the nilphar 
Gbargc the ammonia cylimkr from a hnrelta or 
'SOmytmaM ot the lest acid, «\iKb ift ^tt&^'j i^ 



exoesB of any quantity of ammonia likely to be found in Qa 
gaa. unless the gas contains more tlian about 6 grains of 
ammonia in 100 cubic feet. In euob case, it will be neaessBr; 
to employ two cylindei's in line. The whole interior anrfiics 
of the cylinder should be wetted with the acid, aa wel] u 
the glass beads ; this is effected by holding the cylinder in a 
perfectly horizontal position, and gently rotating it fur & 
minute or so. The glass cylinder is then replaced c 
stand, and reconnected with the gas supply and meteri 
Piaoo about 2 ounces of fresh sesqui-carbonate of animoni* 
around the sulphur test burner. The index pointer of tlaft 
meter is then brought to zero, the gas supply turned on, tl» 
sulphur test burner lit, the trumpet tube replaced, 
connected with the vertical glass cylinder or condenser, 
chimney tube being afterwards placed on top of sain* 
Before leaving the apparatus, see that it is burning at tl* 
proper rate of half a cubio foot per hour. 

Determination of the Ammonia. 

85. At the end of each period of testing, the glass BtOj 
cock of the ammonia cylinder is closed, the noBO-p*^^ 
removed, and the cylinder fixed in a veitical position i^' 
suitable support ; a clean beaker is then placed bene** 
and the contents of the cylinder allowed to drain into " 
beaker, taking care to avoid any lues by spurting. '-*?^ 
cylinder is then well washed out with distilled water, *^ 
washings being collected in the beaker containing the ^"^ 
drained from the cylinder; the washing should be *^ j 
tinued until the liquid ceases to turn blue litmus paper *^ 
The contents of the beaker are then well stirred rounJ- j 
means of a thin glass rod, half the contents (aooura*^. * 
measured) being put aside fur analysis, and the remain. J^| 
half transferred to a well-stoppered bottle, for futui'e refero:*^! 
if required. ^H 

I'he bui ette used for the alkaline solution is then filJlH 



SPBOIAI, AHALT8ES. l4ff 



n the Btaiiidard ammonia eolntion, and the liqnid to be 
i, having been diluted with distilled water and colonred 
& a few drops of methyl-orange eolntion, ia placed on a 
niite Etirface beneath the burette. The alkaline solution is 
p« added, hj small portions at a time, ontil the colour 
I, showing that the acid ib neutralised, when it will 
w found (unless there is no ammonia whatever in the gas) 
Mt the acid solution will require lesa than the 100 septems 
flf aliali which it originally needed in order to neutralise it, 
tie di£ference, being due to the quantity of ammoniii in the 
SSB, which has been absorbed by the acid. 

The quantity of standard alkali remaining in the burette 
'fter the neutralisation of the acid is noted, and from this, 
■he quantity of ammonia in tho gas is found as per the 
Referees' Instnictions (which, howoTer, apply to 10 cubic feet 
f gas only), 

8li, " To find the number of grains of ammonia in 
OO cubic feet of the gas, multiply by two the number of 
^ptems of teat alkali remaining in the burette, and move 
iie decimal point one place to the left," 

As previously stated, the rule for finding the amount of 
■tttaoaia, given above, is only applicable when 10 cubic feet 
f gas have passed through the cylinder, but, by means of the 
allowing method, the amount may be calculated on any 
lUantity of gas. In order to understand the method it is 
iBceBsary to note, that the burette containing the alkaliuf 
'oltition is divided into 100 parts, and the whole ia equal to 
ine grain ol ammonia, consequently each division is equal to 
^ne-hiindredth of a grain of ammonia. Therefore if we note 
the number of divisions remaining after the acid has been 
neuiralised, we obtain the number of hundredths of a grain 
of ammonia corresponding to half the acid employed, and on 
multiplying this result by two (because the acid was halved) 
we obtain the number of hundredths of a grain of ammonia 
1^ the quantity of gas operated on, and from which the 
inatitdty per 100 cubic feet can e.isily bo calculated. As an 



example, suppose after filling the cylinder with 50 
of teat acid, and passing 12-6 cubic feet of gas through ti* 
same, wo found that it took 86 divisioDB of the auimoiiii^ 
solution to neutralise 25 (or 50 -— 2) divigioua of the acid bdIi' 
tion in place of 100 as it originally did, then 100 - 86 = li 
divisions remain, and as each division is equal to one-hair- 
liredth of a grain of ammonia, 14 divisions are eqnal to 14 
huudredths ofa grain, then 0' 14 x 2 = 0'28 grain of amnioniK 
in the gas which has passed through the cj-linder, hoi-. 
0;28_^X 100 ^2-22 grains per 100 cubic feet. 

Determination of the amount of Sulphur. 
87. The following is the method of analyaiDg the liq.nor 
produced in the eulphur test apparatus, so as to obtain ^ 
amount of sulphur. At the expiration of the test, «* 
contents of the beaker containing the pi'oducts of combuflt.V>^^ 
are placed in a graduated glass measure, and the troid?*^ 
tube, glass cylinder, and chimney tube are washed well- *"^ 
with distilled water, and the washings added to the 1j<5'* , 



a the measure. This is thoroughly well mixed, and 



'i'H 



the quantity poured into a beaker for ajialysis, the remai^^ 
being placed in a well-stoppered bottle for future reftr^^ 
if required. The contents of the beaker are then aeid:^^^ 
with hydrochloric acid (preferably charged with 
bromine to secure complete oxidation of the products in 
condensed liquid). The beaker is now covered with a clc^^^-^^ 
glass, its contents raised to the boiling point, and an ex^^*^ 
of a saturated solution of barium chloride added, the ^^ 
oipitated BaSO, is allowed to settle, and then fiite^^' 
washed, dried, ignited and weighed as in (24) ; the weij 
obtained multiplied by 11 and divided by 4 = the 
sulphur per 100 cubic feet of gas. 

88. This rule is based on the following:— 231 
weight of EaSO, correspond to 32 parts of sulphi 
grain veeights axe employed, 2^^ g;na'n% oi "fi^^^, 
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> 32 grams of snlplnn; cana ei^uB iitly ong gnnt of BiSO^ cof- 
BspoDds to -137M of nij^mr, Huair as iialf t&ft Ixqiiar only 
ras used, and ezacil j 10 iieet of gMi is ■■iiiiimT to hsve beoi 
)iimt, -13734 X 2 X 10 = 2*7468, wideL » eqpiwmLas^ tti 

nnltiplyiiig "by 11 and dhridm^ lij 4^ -- = 2*73. 

4 

AspreTionslj stated, the BdSKwi^ mle far ralinTTatnig tfaft 
mount of sulphur per 100 cabac fia^ ooly a^Iiai to die 
rodncts resnltiiig from the oamhoBtiaiL of exactly 5 cnhic 
)et of gas (half the quantitj ohtafned ia tibe eomhnRsoiL of 
) cubic feet), ccmsequeiLtil j, if anj odbo- qiuatitf of lupni 
lan that due to 5 cobic feet of pm he op«sfied on, ^^ 
eight of sulphur in that quantitj of gaa will he fbmii hy 
ultiplyin^ the weight of sulphate ofatamcd hj -13734^ 
id ^en fiTwling hj proportiaa the mnmher c^ gcabia per 
^€ cubic feet. 

It may he of interest to state, that if tiie pm Inaat 
Qounts to 2* 12 cuhie feet, or if the pcfftion of dxeeaadeaMed 
inid taken, oorresponds to 2*12 cahie feet, tiiOL iht BaSO« 
eighed in centigrams, girea at onee ihe grmm id salpJiMr 
»T 100 cubic feet without any calcnlatioii. 

89. It is necessary in ereiy experiment to note tlie 
mperature and pressure, and if neoeasary to make a 
direction for the same. When w o r kin g to the Itclcfe e a^ 
iBtmctions on 10 cubic feet of gas, the number of gnins of 
ilphnr obtained as described above ** is to be oonectol for 
^e variations of the temperature and atmospheric piea- 
ire," and '' the readings of the barometer and thermometer 
"e to be taken for the day on which the testing oommenoed, 
^d also the day on which it dosed, and the mean di the 
'0 is to be used. 

^This correction may be made most simply, and with 
&cient accuracy in the following manner: — 

** When the Tabular Number (Appendix) is between 
5-965, 966-976. ^ -^^e the number 

grains of so * "^ioIHJsmj^ 



"When the Tabular Number is between 996-1005 n 
oorrection need be made. 

" When the Tabular Number ia between 1006-1015. lOli 
1025, 1026-1035, diminish the number of graina of sulpha 
by TButh' T^TithB, T^Tjiha." 

The following ie an example : — 

Grains of BnSO, fhim half the liquid pToduosd in the \ i,s 
combualioD of 10 cubic Teet of gas / 

Multiplied by 11 and divided bj 4 = grMus of gul- I -,., 
phur in 100 cubic feel of gna (unootrecled) or / 

Barometer menu (3D-2)" 

ThermometCT „ 76° 

TnbulBi- Bumber 96i 
AddiJoUiBOf IS'igraiuB = '61 

GraJDB of sulphur in lOOciibicfeet of gal{oarreGted) IG^I 

When operating on quantities of gas other than 10 eilUl 
feet, the gas is corrected lij- multiplying direct by tie tsi*) 
lar number, and then making a proportion for the anioMl 
of sulphur per 100 cubic feet, 

00. The Referees' sulphur teat depends upon the follow- 
ing chemical reactioDB:— Among other BubatanceB, ooal gaS 
contains carbon, hydrogen, and sulphur, wbioh, in the pio- 
oess of burning, combine with the oxygen of the air to form 
water, carbonic acid, and sulphurous acid (S -|- O, = SO|]i 
but this latter is speedily oxidiaed, more or less completely 
into sulphuric acid (SOj). Ammonia being present, theiiai' 
unite with it, forming ammonium carbonate and sulphattt 
which are carried down in solution, by the condensed wate* 
reaulting from the combuBtioo. 

Barium chloride combines with both ; 
bonate and ammonium sulphate, the acid radicals of tbo^ 
salts uniting with the barium of the EaClj, to form barii''' 
carbonate and barium sulphate, while the chlorine of ^ 
BaClj unites with the ammonium (NH,) of the ammoni*' 
carbonate and sulphate, to form soluble ammonium chlori^ 
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I'Fiom the foregoing it will be seen that if to the Bolntion, 
febtained from the sulphur test, we were at once to add a 
slntion of BaClj, we should get a precipitate of both barium 
arbonate and baiiiim sulphate, bo, in order to prevent this, 
he Boiution is acidified with IICl and boiled, which has the 
ff«ct of driving off all the carbonic acid, and completely 
njtea the NHi, which at first was in eolntinn as a carbonate 
■ith the hydrogen acid, so aa to form tlie other soluble salt 
H,C1. Then on adding the BaCl^, we obtain the insoluble 
aSO.. 

91. If deiired, the amount of gulphur in the ifa» eon he 
-rived at by means of the liquor produced from the cowhuation 
the gag in Che Referees' apparatus, uiihout going &rotigh 
B procoBBes of precipilation and filtering, in the foUomiig 
inner : — 

The liquid obtained from the combustion in the Referees' 
Iphur test of a specified quantity of gas, is evaporated in a 
lall porcelain basin whose weight has been accurately 
itermined, and when the contents are nearly dry, the whole 

transferred to an air-oven, and the complete drying 
Eected at a temperature of about 2i0° F. The basin and 
1 contents are then allowed to cool, and subsequently 
Bighed on the balance ; after noting the weight, the basin 
replaced in the aii-oven for a few minutes, and then cooled 
id re-weighed, in order to make sure that all adhering 
oisture has been expelled : this operation should be re- 
Mted until the weight is constant. The increase in weight 
rer the weight of the empty basin is duo to sulphate of 
mnonia, with an infinitesimal quantity of tarry matter, 
ad from this, the amount of sulphur muy be obtained as 
Cider. Supposing that 24'6 grains have been obtained. 
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EqniTBlont 

weight of 

(SH^), SO. 


Equivalent 

WBIght of 

Sulphar. 
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: 32 ;; 
ar= 5-07 grains. 
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Egtimaticn of Ammonia in Crude Gas. 

92. The atnouQt of ammonia in orude gas is eatimatedl 
exactly the ftamo manner as the amount in purified gas, bt 
liy means of a stronger acid solution, aa crnde gas general^ 
contains from 2U0 to 300 grains per 100 cubic feet. 

A convenient strength, of acid is 10 times that of tli 
Referees' solution, and it is made hy adding 10 times tl 
quantity of acid whioli is employed in making the Eefeiea 
solution previously described, to the decigallon of d' 
water; we should then obtain a solution of 10 times &t 
strength. It must, however, be t«8ted in the same : 
as the Referees' solution was tested, but in place of ( 
ing the amount of BaSO, in 50 septeme, it is better to tal^ 
say, 10 septems, and multiply the result obtained by 5 
whiuh should equal 10 times 13-8 grains. The reason f(H 
taking 10 septems is that the 50 septems would givesaot 
a heavy precipitate as to make it unwieldy to manipulata 
The ordinary ammonia solution, 100 septeme of 
ia equal to one grain of ammonia, will serve for titrating. 

93. The following is the method of making an e 
Djent : — An ammonia cylinder is charged with 50 septemB 4 
the acid solution, and 6 feet of gas passed through, any tl 
that may be in the gas, being kept back by cotton w 
placed in a calcium chloride tube. The cylinder and ff 
tents are washed out until free from acid, and the waBhingl 
after being well mixed, are placed in a graduated n 
which may conveniently be 20 ounces. If the washings i 
not amount to that volume, they must be diluted with flu 
tilled water to that extent. A twentieth part, or 1 i 
of the solution, after being largely diluted with distdlll 
water, is now titrated with the ammonia solution as p 
viously described, and, after neutralisation, the alkali ' 
maining in the burette noted. Supposing this to 1» ' 
septems, then, as each aeptem represents O-Ol grain of SI 
the 60 septems would repreBent Q'GO grains of ammonil 



It as only a twentietli part of Utt liqvor i w miw id i 
iken for analysis, this result niMt le BultqitiBd ty S 
'luch wonld give 12 gruAB of sniBMmia in tte S onlac A 

i gas, and therefure -^— : — ^ = 240 gfmm xa 100 obI 
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I 94. The B«fereeB' metliod for the estmiBtioD of sn^ibtD 
ranpounds, although giving acciLrBte rc^nltfi, ie not adajrtad 
jidtere rapidity is an eseential, as, say, when it is reqnired to 
XBOwthe condition of the snlphide vessels for the elioiinatioB 
ct the aalphiiT compounds at any particnlar time ; in this 
Oiethe colonr test devised by Mr, VerDon Haroonrt, F.H.S^ 
inll be found more suitahle. 

The t*et ia based on the fact that when ooal gaa oon- 
"tuning bisulphide of carbon ia passed over heated pLitinieed 
jmnice, the bisulphide is more or less decomposed into 
■olphoretted hydrogen and methane, and the snlphnretted 
Ijdrogea being led into a solutioQ of a lead salt, the 
intensity of colonr imparted to tlie lead solntion from a 
gi'Mi quantity of gas, as compared with a standard tint 
(oneBpoDding to a definite qoantity of lead snlphide, at 
<iBM eoabies ns to determine the amount of CS, in the gas 
Wider exaaunalion. The general arrangement of the test is 
"Wn in Fig. 45. 

95. The glass bnlb, which ia filled with platinised 
FOnice, is to be bo adjusted that it may be about an inch 
•We the burner, and in the middle of the cylinder. In 
^t to HBO the apparatuB, first turn on the upper stop-cock, 
•ots sending gaa through the bulb at the rate of about half 
• cnbic foot per hour, as may be judged by lighting iIki 
P» for an instant at the end of the horizoutal arm. when \i 
Bune about an inch long should be produced 
"ylinder, which will be supported by tb* 
*in^ ]ight the banter, and tnm down tl 
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fVmr^ ^f ^ cubic foot, to have been tilled to tht 
diviMon, jjjgths of a cilbic foot of gas conlaine 
(grains of solphnr. From these figures the number 
of Bulphnr existing as bisulphide of carbon in 100 ■ 
of gaa can easily be calcnUted. 

98. The following table gives the relation bet 
the divisions of the measuring cylinder filled wi 
and (S) the grains of sulphur existing aa I 
of carbon in 100 cnbic feet of gas. Since gas 
besides carbon bisulphide, some other sulphur cc 
which are not decomposed by the action of 
sulphuretted hydrogen, and which contain snlphnr 
iug on an average to seven or eight grains per 
feet of gas, it is necessary to add this quantity 
found by the colour t«8t if it ia wished to knffw 
Diately the total amount of sulphur in the gas. 
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Also the antts of organic bases, especially those of 
pyridine eeries, phenols, and other matters of a 
oh&raoier. 

Ths tena " free" aa employed here, is not to be 1 
in itfl ordinary eeose, but rather that the oompooni 
ammonia with suoh acids as carbonio and snlphydrio, ct 
removed from their solutions by simply boiling them i 
aafhcieutly long period, or by acting on them wirh dil 
acid in the cold: the ammoniaoal salts called "fixed" arei 
removed from their solutions by boiling, or by 
with acid, bo it is necessary to heat such solutions ii 
presence of a caustic Hlkali or lime, which Bets the anu 
free from ila combination with the acids. 

Free ammonia in the ordinary sense of the word mesni 
solution of caustic ammonia. 

101. The chief and most often recurring of the 
salts are the sulphide and the carbonate; of the fixed a 
the chloride and the sulphocyauate. 

The percentage of the total ammonia combined ufi: 
salt rariea greatly in different samples of liquor. 

The occurrence of these different ammonium salts and 
proportion in 'nhich the ammonia is combined with eaolt ■ 
depend on (I) the description of coal distilled, (2) the U 
perature at which it is distilled, (3) the temperature to vl 
thfi liquor has been subjected, and whether it has 
exposed to the air or not, and (4) the point 
or sorublnDg plant from which the sample is taken, and' 
general treatment to which the gas is subjected during 
opemtion of washing and scrubbing. For example if a < 
is distilled which contains an appreciable qutintity of i 
chloride (common salt), hydrochloric acid i 
therefore find a large percentage of fixed 
in the liquor. On the high or low heats of 
tl«)i«nd6 in a great measure the larger or smaller j; 
i>f fisod ammimium sulphi-icTHnate in the liquor. 
liqavT to • high temperature, or to the air at oidii 



atTii-es, caUBBB it to lose ammonia, thereby oonverting its 
monium sulphide (NH,)^S aB well as ammoninm mono- 
'bonate, (NHj}jC05 respectively, into ainnifjninm hydro- 
Lphide NH^HS, and ammonium bicarbonate NH^HCOj. It 
so has the effect of oxidiHing its ammunium sulphide to 
amonium thiosulpbate, and in eome very alight degree to 
nmonium sulphate. 

102. The value of amvwniiieol liquor is eummerciallg &x- 
Ttiaed by the number of ouneet by weight of Tnono-hi/drated 
vlphftrie acid, H^SO,, which tt required to galarale one galUm. 
Vw instance, if a liquor i» eaid to be of eigkl-ounce gtreaglh, it 
means that a (f/illon of the liquor would require eight ounce* of 
pure, strojtq, eulphurie add to neuiroliae it. 

The crudest method by which the strength of liquor is 
determined, is based ou the asKumption that the quantity of 
fcdd required to saturate the liquor, bears a certain relation 
to the specific gravity of the latter. In this method a No. 1 
TwHddell's hydrometer is employed, having a scale divided 
Irtid numbered from zero at the top to 25 at the lower part of 
its atem. A glass jar of a suitable size having been filled 
*iih liquor, -which should be at the temperature of &<f F., 
Afl hydrometer is immersed, and the division on the scale to 
which it sinks in the liquor noted. Each degree upon the 
•fflle is supposed to indicate the presence of as much NH3 in 
one gallon of the liquor as will require two ounces by weight 
of pure strong sulphuric acid to neutralise it. For instance, 
if the hydrometer sinks to the division 5 ou the scale, the 
11 liqnor is said to be of ten-ounce strength. 
^This method of determining the strength of ammoniacal 
r ia not at all an accurate one, and is only suitable for 
uidance in the working of the scrubbing or washing 
works ; it should never be used when the actual 
ponia in the liquor is rw for, supposing a 

ID excess of causti Ka, its strength 

■mated, owing to " being lighter 

t reducing thi \i\\^ i:,^ tVt 



I 



liquor; oa the other hand, if a liquor had been repe 

passed through the sonibbers, and thus become chargei 

au exccBB of carbonio aoid, it would probably be ov? 

mated, as COj would raise the specific gravity. | 

to;!. Another metliod of eatlmating the value of liq 

to find by aa experiment the numb('r of onnces of pure i 

sulphuric acid wbioh are requii 

<*^p^- neutralise the ammoaia in a gal] 

^^t^^T iJf liquor, but aa it would not be pract 

^^^ to operate on bo large a quantity i 

,_ gallon, or to employ stroug Bulf 

acid, the following modifioation ii 

ployed :— , 

A graduated glass vessel caUi 

alkali meter, Fig. 46, is provide^ 

this is graduated iuto 16 parts. 

A solution of Kulphurio acid ia 
by adding one pound of pure sulj 
acid (ap. gr. ISiS) to distilled wat^ 
making up the solution to one gall 
a temperature of 60° F. The q 
gravity of this solution should be 111 
The testing is conducted as foUowi 
The alkalimeter ia first rinse 
with a portion of liquor, and ia 
I'ith liquor to the top of the scale; ) 
ifully out into a beaker or porcelain <, 
The instrument is then well rinsed out with distilled] 
and the rinsings added to the liquor in the basin, 
to guard against loss whilst pouring, it is advi 
grease the edge of the Iwak of the alkalimeter. 
quantity of the lest acid is now poured into thoa 
and the instrument well rinsed out with tha_^j 
then poured away ; the ulkalimeter is next.q 
acid to the top of the scale. Having hsf 
contents oi the beaker with distilled watotiij 



wards charged v 
then poured ci 



tJon with a fe* drops of methyl onnge indicator, which 
I give it a yellow ttat, the cooteuts of the alkaltmeter are 
sfully poured into the liqnor. 

Thia operation shonld be performed very gradually and by 
imaU portions at a time, the contents of the beaker being 
'Well Btirred between each addition of the acid, so aa to allow 
oEthe disengagement of the carbotiic acid aud Bulphnrettod 
hydrogen in the liquor. When all the liquor has been Dcn* 
InliHed, the solution will change to a pinluBh tint, aud on 
off the number of divisions of acid ri^uirod for 
neutralisation, the ounce strength is obtained. Supposing it 
Teqnired nine divisions, then the liqnor w^luld be of nine- 
onncB strength. By this method the same results are 
oblained as if we had added strong acid to a gallon of liquor. 
tufthealkalimeter being divided into sixteen parts, each part 
npresenls such a proportion of acid solation as would coutaia 
ODeoDnce of the strong acid, while its total contents represent 
gallon. It is first used to measure the liquor, and afler- 
vuds to measure the acid solution, and under these condi- 
tions it dues not signify, within certain limits, what its true 
Mpaoity may be. 

This method of determining the strength of ammonlucal 
l^nor is also unreliable, as it does not take any oognisance 
'Cfthe fixed ammonia. The only reliable method i^ obtaining 
'lvalue of a sample of liquor, is to heat it with an excess of 
potuh or soda, which will liberate the whole of the animonie 
;frKD its cornbinatioQ with acids ; tho evolved ammonia is led 
ito a solution of sulphuric acid, which is afterwards titrated 
idi an alkaline solution of equal strength, and from the 
Bonnt of acid neutralised by tlie ammonia, the amount of 
e latter is determined as in (59). 
104. Theaolutionoi'sulphurieacid is of the same strength 
that aire ' lindiseominoulj'ltnuwn as ten per 

dng about three pints of 
I, and 
<) of pure 



— MJlialii irfffhroe acid (sp. gr. 1843). The solution k 
wtfl adxad hf Maii B g wnfa > glus rod, the veaeel is covered 
ami Aft —«■«■■* albwad fa» oool down to the temperatun 9 
tar F. VWa Abk tBMpagitBFO is att&incd, the ftdditiana; 
^mmlitjat wwtKt Bnowyta faring tiie volome to exactly. 
Wf*gillDaMadiad,aadtfaaaaliitiofk^kin well mixed. iK 
la yri^ aftj sow b* twted by means of a deltntt 
r. aad if nnve than half a degree aboTe oi beloir 
106t-4, it wiD be neoMSuy to add small quantitiee of water 
«r «f acU^ aatil tlw crarect specific gravity is doaely 

TIm following taUe, which is dne to Mr. L. T. Wrigbt, 
will b« fiwnd naefnl when there is a difficulty in obtaining 
tlM tempvntue <tf 60° F. ; it shows what the specific gcmV 
of the acad should ba at di&rent temperatTiree below ud 
abote 60' F.^ in order to oMrespond to the spedfic gn^ty 
lOW-4 at 60' F. 
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105. The strength of the solution may also be dted 
gravimetrically or vol u metrically. 

In order to check it by the gravimetrio met 
one ounce by measure of the solution is poured ii 
and having been largely diluted with distil 
liaed by ammonia, and aftcrwaj-ds render 
chloric acid, it is raised to the boiling po 



hic h 
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ktadn of barium cUoriiie added. The precipitate of 
\ obtained, is treated in the usual mnnner. and ehould 
b, after dedncting the filter ash, 104'017 grains, which 
rived at OB under. 

Ulf a gallon = 80 fluid ounoeB, and ^ lb. of acid (3! 
Bs troy) are contained in J gallon of the solution, 
antly each ounce by measure of the acid Kolution 
tuns 43-75 grains of sulphuric acid, consequently 

- "^ ^^ - = :04-017 grains of BaSO., which is equal to 

?5 grains of sulphuric acid. If the weight of BuSO, 
lined differs from 104'017 grains, the solution muat be 
Ifi stronger or weaker, as the ca«e may be, until the eoiTect 
B^t is obtained. 

106. The solution may be checked Tolumetrically by 
traliBing chemically pure NajCOa, using methyl orange 
Bdicator. It is essential that the Na^COj be pure ; this is 
irtained by dissolving about 80 grains of it in distilled 
Br, when a clear oolourless solution should be obtained, 
testing for the presence of sulphates or chlorides. To 
ttuB, add an excess of HNO3 in order to expel all C0„ 
to one half of the acidified solution add a few drops of 
i BftOlj solution, aod to the other half a few drops of 
lOj eolution. The Bolutions should remain clciar in both 
■■ Should there be any difEculty in procuring pure 
DOj it may be obtained in the following way : — Shake 
I quantity of the beet commercial sodium bicarbonate 
ECO]) with Bucoet^sive small quantities of distilled 
i the washings when tested for CI or H.jSOj in the 
d above, give negative results. The NaHCOj 
1 boiling water, the solution 
r a Bunaen b\irner almost to dryness, 
'Amass becomes pasty, and finally to 
yater-bath^ The salt is then 
fered bottle, 
kiut 200 grains o 



point of the tabe in tlie fluak A mast not tonch the snrGtcS 
of the acid during the experiment. The apparatiiB is now, 
disoonnected, and the pieces of glass in B rinsed witii t{ 
little distilled water into the flaBk A. The whole content^ 
of the flask A are then transferred without loss to a beak«r^ 
*nd colonred with a. few drops of cochineal solution. 

109. The burette having lieen charged with the stan^Bri 
solution of [foda (107j the beaker is placed underneath, and 
the Boda solutino run in, until the colour of the acid « 
changes to purple, when the division at which the aolatiiE 
now stands ill tlie burette must be noted. The atreugthof 
the liquor uiiiler examination is indicated by the qnanliiy 
of soda Bolulion remaining in the burette, which representi 
the quantity ol' ammonia which has been given off from the 
liquor and absorbed by the acid in the flask A. 

For example, if 12 divieions of soda solution bo left in 
the burette, the liquor contains sufBcient ammonia in 1 
gallon to neutralise 12 ozs. of pure strong eulphurio acid. 
The reason of this is obvious. In the flask A, 2 ounces of 
acid were placed, and the burette contained originally 2 
of Boda solution, which exactly matched the 2 ozs. of luad. 
In the flask E 1 oz. of the liquor was placed, consequeatlf 
the volumes of the two standard solutions are exactly donblfl 
the volume of the liquor operated on. Now if the liquor W 
been exactly sixteen -ounce strength, its ammonia would have 
neutralised just I fluid ounce, or half the aoid employed ; tlift 
remaining half would then have been neutralised by htl£ 
the soda in the burette, or by 16 divisions, and therefon 
16 parts would be left and indicate the strength of i 
liquor. The excess of acid is employed in order to e 
that no ammonia escapes. 

110. The following are useful notes in connection wit! 
this subject : — 

Each ounce of acid (IIj SO,) combiues with 0'347 o 
ammonia, forming neutru.1 ammonium sulphate (NH, SOj) 
In order to find the quantity of sulphate of ammoniuj 
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ipable of being prodnoed from any liquor, the ounce 
trength of which has been determined by distillation in 
he manner described, multiply the ounce strength by 
1*347, and by the number of gallons. If the strength of 
the liquor is given in terms of the percentage of ammonia, 
omltiply the total percentage ounces by 4* 61, then by 1 * 347, 
ind finally by the number of gallons. The product of the 
whole will be the total weight in ounces of sulphate. In 
order to calculate direct into pounds per gallon, multiply the 
oonce strength by *841 iu place of 1*347, moving the 
dedmal point cnie place to the left, thus, liquor ten-ounce 
Bbength 10x841=8-410, moving the decimal point =r- 8410 
pounds sulphate per gallon. 

IIL The value of a liquor may also be determined in 
iho sime j^ppaimtus as deacribed above, using the ordinary 
syBteoiatie nomial aolutifins : IOcjcu of theliqiKHr are djMtHUA 
*«ith eaoatie aoda^ and ihA crvolvcd vamfmuk kad into 20 oe. 



The acid ia then titaicd wxdi normal ouvtiic; soia solu- 
Man, As an cxaaaple, ^ ot. of ugrmal soda mAnt^jn w^r^ r^ 
^liied to memiaJam: ihs: d> tjt, of atead, then ibh quatxctjt j c€ 

k 12 X 4»-017 X 1^ = 2-(>4 ya ooit. 



112. Ib ordsir ti> bfr aiilt^ to laH wirt^tii^ tirt; ^^ni^lierii 
iBptxilKB OO^ xud rW^ fruEL 1^ 2SML i.T » d«azza.\i)k; V^ KcM^ 



W-eqp. mc :il#l* ^idui t^ 'iiii: ,^^ Iohjovb^ iuK a ^Lj^ix ^ia«fc 
tHkaamwHaL-Uft fsomnxft t^-ttftr&iicixxH/a t#fa^^ «iit9L 
3d aoi -eacBfisiE ufwiiiz&uL tif aa«au% uf iMsu mac nh^rwahtt 
pdnduurk aca£ -K' mc y^sussam^ mid. iHofw iaet mftsiyxant 



widghcd filter, and tn&tod in exactly tlie saioe manner eie ! 
th« ou* of Aafit pxtmoutlj giTen (26). Every 241! parts C 
AJ^S| al>taui«d oomapcmd to 102 p&rts of H,S, and fromllii 
Um ftenxrnUg« of H^S, 1^ weight, in the sample is arrira 
ftt. Th« imHe ineheB per gallon nuy be obtained front tbi 
|«i«0nt«g« by weight in the following m&nner : — 

Tint. take, by II hydrometer, the specific gravity of tta' 
liqttor. ftom which the weight in grains of one gallon of ft« 
liqnnr i« obtained. Thns. enppoeing the gravity of theliqi 
1.. Iw I'taO. wea*T — 

s,,^.n.o 8p.^,„^. sjs,'^ ,;*i?a 

As 1000 : 1030 : : 70,000 : 72,100. 

We next require to find the grains of H;S in one gullon rf 
the liqnor, and, ^apposing the percentage by weight ffu 
fuiind to be O'^S, we say — 

Weighlin pa-e-uieof Weipht of gsllon WpigltofH,S 

gnintctliqaia '^"«™^^'" .ofliqnor in in i gsllim of 

MialriHL ^ ^Tsiiis. liqnDC in gnin* 

As 10l> ; 0-58 : : 72-100 : 418-1. 

We next re<qaire to find the cubic inches of H,S, coin 
sponding to 418-1 grains; and to do this we say — 

Weiglil of <«e Onecnbia Weight of H^ CnbioinA* 

dtiliio inch of H^ isoh ia a gallnn per pXxa 

A80-365 1 :: 418-1 : 1145. 

IIS. A method of determining volumetrically the amoui 
of H,S in a sample of gas liquor ia also given. 

It is based on the fact tbiit when a solution of iodinsi 
bnaghi into contact with sulphnretted hydrogen, the foUo*- 
11^ TiNtotion takes plaoe : — 

HjS + I, = 2HI + S. 

The first oj-^ration is to prepare a slandurd solution *>' 
iwlinev which is iierfonued as follows : — 

Piwolve 149-4 grsius of pure iodine with 300 grainBW 
)x(lM»>i\im iodide. This is then diluted with distilled wattf 
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LI it exactly measures 2 decigallons, when 100 septems 
ibe solDtion will equal 1 grain of HgS. 
Tbe following is the method of making an experi- 
nt: — 

Weigh out, into a small flask, 100 grains of the gas liqnor, 
i wash this out with distilled water into a large beaker ; 
.nte this solution with distilled water until it measures 
out a pint ; add some starch paste, and afterwards acetic 
id to acid reaction. Then, having placed the beaker on 
white filter-paper, run in the iodine solution until the 
ntents of the beaker turns a blue colour (showing that 
I the HgS has been neutralised), when the number of 
visions required should be noted, each septem representing 
nyth of a grain of HjS. 

The following are the reasons for the above operations : 

According to the equations previously given, an equiva- 
'Ht of HgS requires two equivalents of iodine, or 34 grains 
r HjS would require 254 grains of iodine, consequently 
grain of HgS woidd require 7 • 47 grains of iodine. 

As the burette employed holds 100 septems, and as a 
ecigallon equals 2000 septems, in the present instance it is 
lade to contain the equivalent of 20 grains of HgS, as 1 
Tain equals 7 • 47 of iodine. 

As 100 grains of gas liquor were taken, and as the whole 
ontents of the burette equals 1 grain, each division equals 
he hundredth of a per cent., by weight, of HjS. Supposing, 
or instance, that a sample of the liquor required 54 divi- 
ioDB of the iodine solution, this would be equal to 0*54 per 
ient. by weight. 

Estimation of Carbonic Acid in Gas Liquor. 

114. Weigh out, into a small flask, 100 grains of the liquor, 
then transfer to a large beaker, dilute largely with distilled 
''^ater, and then add an excess of solution of barium chloride. 
The solution is then gently warmed for the space of half 
an hour on the water-oven, and afterwards filtered and 
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washed. The precipitate should then ho ignited at a gen 
heat ii part from thn paper of the filler, the ash of which alio 
8ul«fquently be added. Every 15*7 parte of BaCOi obt«in 
equal 44 parts of carboiiio acid. 

The procipitate, however, contnina. not only tho B»C 
but alao any sulphuric acid present. In order, therefore, 
obtain perfectly acoumte reaulta, it will he neceesary, »' 
weighing the precipitate of BaCOj, to dieBolve it in H 
hydrochloric acid, any residue of BaSO^ which renu 
undisBolved being collected on a filter, washed, dried, ignit 
and weighed in the nsual manner, tho weight obtained Ix 
deducted from the original weight of the BaCO,, and a 
oulation of the amount of CO3 made on the corrected W^ 

The following is the method of obtaining thecuhioin 
per gallon from the percentage by weight : - 

Supposing the specific gravity of the liquor to be 1,01 
and the percentage hy weight 3-06. 

First obtain the weight of a giUon of the liquor in gi 
— as given in the sulphuretted hydrogen exam.ple = 72, 
then find the grains of CO^ in a gallon of liquor, thus— 

OminB of Percentage Qallon of liquoc GnussntOO) 

liquor anHlyjjed of GO, in grains per gallo" 

Ab 100 : 3-06 ; : 72,100 : 2206. 

Then, to find the number of cubic inohes equal to 
grains, we say — 

Weiglitofono One cubio WoigU of CO, in a Cubic im 

cubic itiL'h CO] ini^h gflllon in grains per giillon 

Ah 0-472 : 1 : ; 2206 ; 4ii73. 

115. The following method has been proposed by 
Dyson for a complete analysis of gas liquor. 

(a) Deiermination'of total Ammonia, — 25 0.0. of the li( 
are boiled, with magnesia, and tho evolved NHj 
50 0.0. of standard sulphuric acid, which is afterwarile 
back with standard soda. Suppose this showed 2'04S 



dent. NH,. (When employing magnesia it must not be foi^ 
g<itten tbat its action in ninch less energetic and slower than 
that of canstic soda or lime.) 

(6) Determinatiim of total Snlphur. — 25 cc. of the liquor 
we allowed to fall, drop by drop, from a burette into water 
aoidified with hydroohlorio acid and containing an excess of 
bromine. The excess of bromine is evaporated off, tbe 
eolation filtered from the precipitate formed (which appears 
to mainly cooaist of tribromo-pbenol) and the sulphur pre- 
cipitated Its barium sulphate. This yields e.g. 0-3915 per 
oent. 8. 

(c) Determinaiion of Sulphides. — Ziuo sulphate and am- 
■jonium chloride are added to 25 c.e, liquor; the precipitate 
IB filtered off and well washed. The filter-paper is perforated, 
uid small portions of the precipitate are gradually washed 
through into water acidulated with hydrochloric acid, and 
oontaining an excess of bromine. When the whole of the 
precipitate has been washed through, the solution is heated 
U> expel the excess of bromine, filtered, and barium chloride 
»dded to the filtrate. Suppose this showed 0- 190 per cent 
8 = 0-303 NH,HS. 

(d) Determination of Carbonates. — Anammoniacal solution 
Of calcium chloride is added to 25 o.c. liqnor. 

The precipitated CaOOa is filtered off, dissolved in 50 o.c. 
standard hylroohlorio acid, and the solution titrated back 
With standard soda. Suppose this showed 1'795 per cent. 
00,= 3-916 (NII.)2C03. 

(e) J)eterminaii(m of Cklorides. — 50 c.o. are evaporated to 
irynesB in the water-bath. Water is added, and the nndis- 
»olved tarry matters filtered off. The filtrate ia mised with 
* Bolulion of copper sulphate and ferrous sulphate in about 
Etqual proportions (in order to remove thiocj'anatea) and the 
liquid again filtered. 

Nitric acid and silver nitiute aro added to the filtrate and 
Qie Bolution is boile''. The precipitate is allowed to settle 
Gtnd the supernatant liquid poured through a filter. Before 
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finttlly filtering off the silver ohlorlJe, it is digested seven 
timea with hot nitric acid, to dissolve out the silver sulphiil 
resulting from the decomposition of the siWer thiosnlpbaH 
The silver chloride i* then filtered off and weighed, Supjwi 
thiB showed 0-944 per cent. CI = 14-23 NH.Cl. 

(/) Delermination of T/iioeganates. — This la not qniti 
and is best done in the following way : — 50 c.c. of t 
liquor are evaporated to complete dryness, and the residaei 
heated to 100'' C. for three or four honra, in order to n: 
the precipitate of thiooyanate, to be obtained later au,l 
fiuely divided. The residue is then digested with strc 
alcohol, rinsed on to a filter and washed with alcohol. ^ 
alcoholic filtrate ia evaporated to dryness, water is adda^ 
and the insoluble organic matter filtered off. 

A solution of ammonia thiocyauate ia thus olitiUiMi 
tolerably free from other ammoniacal salts (especially tint- 
sulphate) and from organic matter. This solution ia jii*- 
cipitated by the addition of copper sulphate and sulpbunt'B 
acid (which is preferable to ferrous sulphate as a redioing 
agent) it ia gently warmed (not boiled !), and, after Bcttlingr 
the cuprous thiocyanate, CaCNS, is filtered off. It ia tben 
washed into a flask, dissolved in nitric acid, and the liquid 
boiled for a considerable time. The copper ia tten preoiis- 
tated as oxide by caustic soda; the weight of OuO X 0-96 = 
the equivalent amount of NHjCNS. Suppose we obtiii 
0-180 NH^CKS. 

(3) Determination of Sulphates. — 250 c.o. are evaporated U 
dryness. Water is added ; the organic substances filterw 
off, and the solution boiled with HCl. A little zincosid»i* 
added, the liquid filtered, and the sulphates precipilatM 
with barium chloride. Suppose this showed 0-019 percs 
(Nn,),SO<. 

(ft) Determinalion of TMosulpiales. — This cannot ha i' 
by any direct method, but it can bo arrived at by subtriteting 
from the amount of total sulphur, that existing as sulphide 
thiocyanutes and sulphates. 
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In the example before 



Total sulphur 0S915 

Sulphur in sulphides 0'1900 

. thiocyauates 0*0757 

sulphates 0*0046 

0-2703 



99 



Sulphur in ammonium thiosulphate = * 280 ( n . i o i o 

t per cent (NH^AO, /" " ** 

(t) Ferrocyanides. — The residue obtained by evaporating 
J50 CO. of the liquor to dryness is dissolved in water, the 
solntion filtered, and ferric chloride added to the filtrate. 
The precipitate of Prussian blue is filtered off, washed, aud 
decomposed with caustic soda. The ferric hydroxide thtiH 
obtained is, after filtering and washing, dissolved in dilute 
sulphuric acid, reduced, and the solution titrated with oenti- 
normal potassium permanganate. The Fe X 5*07 equalM 
the amount of (NH4)4FeCye. Suppose we have found • 041 5 
per cent, of this compound. 

The result will therefore be that one litre of the sample 
of gas liquor analysed contains in grams — 

Total ammonia 20*45 

Sulphur 3*92 

Ammonium sulphide NH4HS 3*03 = 1*01 

monocarbonate (NH4),00, .. 39*16 = 13*87 

chloride NH4CI 14*23 = 452 

thiocyanate NH4CNS 1*80= 0*40 

sulphate (NH4V8O4 0*19 = 0*05 

thiosulphate (NH4)^,0, .. .. 2*80 = 0*64 

„ feiTocyamde(SH4)4FeC3r, .. .. 0*41 = 010 

20-59 

Analytis of Sulphaie of Ammonia, 

116. The apparatus used in the ectiixiation of ammoniacaul 
iquor may be used for the analysis of (KH«)3S04» A catri^ 
ully selected sample from the balk of the salt iswtlT 
ip, and the whole of it passed tliroii|^ * «en 



6 meehes per linear inch, and a small portion takem fm *i 
thia. 10 p-ame of the latter are dieeolved ii 
water, and 50 o.c. of this solntion are placed, tagatbeit n 
an exccBs of canatic aoda, isto the flask E, and the a 
evolved led into 20 c-c. of normal (55) acid contained in ti 
floek A. At the end of the distillation, the acid is titntt 'j 
back with normal caustic soda solution (58). 

The following is an example ; — 

After going through the operations described aborv, it w 
found ihat the 20 cc of normal acid i-equired 7 ccof nanM 
caustic soda for neutralisation, then 13 c.c of acid hai 
been saturated by the KH, given off froja the (NH^)^ 
As the 10 gratuB of (KHi)2S0i originally taken wete a 
solved to 500 c.c. and SO c.c. used, it follows that the Nl 
given off from 1 gram of (NHi)5S0, amonnts to 0-017 X 1 
= 0'221 grams (I c.c. normal acid oorresponds to O'OI 
grams ammonia). From these fignres il follows that then 
contains 22 ' I per cent. NH,. 

V. AsiLTSIS OF LmE. 

117. Lime as employed in gasworks for purifying pnrposta 
is iienally obtained from some of the different varietiefl fl 
limestone which are found in varions parts of the comiti^ 
The most suitable limestone for the prodaction of a lime bee 
adapt«d for purifying purposes, is the white chalk limeetoB^ 
as this consists of almost pure carbonate of lime, 

Some limestones contain notable qnantities of carbonaU 
of magnesia, and are then known as dolomites. The mig 
ne«inm limeslones of Yorkshire and Derbyshire are of ti ' 
deecriptioiL 

On burning the limestone, carbonic acid is driven (rft 
leaving canatic or quicklime, and it is in this condition thtf 
the lime is usually met with. The following equation b1 
what occnis :— CaCOj = CaO + CO;. 

Qnict- or caustic lime (CaO~) "«\i«n. '\Kwj^t latn oontMt 
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ti'water, enters into chemical combination with the latter, 
combination being so energetic as to produce great heat. 
) resulting substance is a definite chemical compound, 
rmm. as calcic hydrate, or slaked lime, the operation of 
ling -water to the lime being known as slaking (CaO + 
3 = CaO.HaO). A good idea of the value of a lime may 
formed from the way it behaves on slaking ; a good lime 
m\d slake easily, and form, when thus treated, a light 
iform powder, free from lumps, which, on the addition of 
ate hydrochloric acid, should not give any marked effer- 
leence, indicating that all the GO2 has been driven off in 
) O|ieration of calcining the limestone. 
When quicklime is exposed to the action of the atmo- 
here for a considerable length of time it slowly absorbs 
kter therefrom, and falls to powder. In that condition it 
rms an exceedingly light dry powder, similar to calcined 
&gne>ia in appearance. Such lime which has " fallen," or 
come " air-slaked," as it is termed, is partially hydrated, 
I probable formula being, according to Prof. Wanklyn, 
JaO)2H20 ; lime in this condition is very caustic and cor- 
sive. Lime is placed in the purifiers after being slaked. 

118. The theoretical purifying value of perfectly pure 
^drate of lime is as follows : — 

Seventy-four parts by weight are capable of uniting with 
[ parts of CO2, or 34 parts of HgS. Adopting a theoretical 
ait of 1 lb. of pure calcium hydrate, such amount is capable 
•. uniting with 0*594 lb. of carbonic acid, equal to about 

cubic feet, or to '46 lb. of sulphuretted hydrogen 
[ual to the same bulk. The actual value of any particular 
imple of lime will, of course, be less than the theoretical 
ilue, according to the amount of impurities which the lime 
»n tains. 

119. The impurities existing in lime may be derived from 
le following sources :- 

The chalk or lim^ me is obtained 

ay be impure, ai Tespondiu^ly 
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inferior lime on being calcined ; the burning may not hmM 
been efficient, the consequence of which would be ti:> leov^'l 
an undne percentage of andecompoaed carbunate in t]ii 
the lime may have been of good quality in the Srei in 
hilt may have become Bubsequently deteriorated by ei 
tu the weather ( air-slaked). 

120. In ascertaining tho commercial valne of a li 
jiurifying porpoeee, it is not gentrally neoesBary to maiei 
exhanetive analysis with the idea of ascertaining the w 
of the varions impurities preeeut, all that is reqniid 
determine the amoant uf available lime (CaO). One m 
itf arriving at the value of a Bainple of lime is to notetl 
wniount of wat«r it takes up on elaking, as the welglil i 
water taken np represents the quantity which hae e 
into chemical combination with the caastio lime, aa previond 
explained. 

121. A fair sample of the lime is taken, and from tl 
between 6 and 7 grams are weighed out into a porcelu 
IwBin. Water is then added, in sufGcient quantity I 
thoroughly slake the lime. The basin and its contents V 
then plaoed in an air-oven, and dried at a temperature i 
^50" P., and when qnite dry, weighed. The total weight « 
have increased by the amount of water necessary to oohtO 
the caubtio lime into hydrate, and the amount of fnx* 
increase la, therefore, an indication of the purity or impDiit 
of the sample. Aa an exampie, 6 '84 grams of lin 
weighed out into a baeio, slaked, dried and weighed 
above described ; the gain of weight observed ii 
weighing amounted to 2- 05 grama = 30 per cent, < 
seqnently, as 18 parte of water absorbed, represent 5^ p 
■if caustic lime, tho percentage of tbe latter is obtained fi4t 
the following equation : — 

Aa 18 : 30 : : 56 : x. 
a; = 93 ■ 33 per cent, of caustic lime. 

122. Tbe amount of caustic lime alone, however, does M 
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ways fairly represent the actual purifying value of any par- 
3ular sample, for a portion of the real lime present may have 
ready been converted into hydrate by the absorption of 
Loisture &om the atmosphere^ and consequently, it would not 
e able to take up any more water. It is necessary, therefore, 
a order to ascertain the actual purifying value of any sample, 
determine the amount of the whole of the lime present in 
in available condition. This is effected as follows : — 

123. A portion of the slaked lime obtained as above, 
^val to a definite amount of the original lime, is placed in a 
beaker, and dissolved in an excess of a measured quantity of 
Dormal hydrochloric acid (56), should it be necessary to assist 
thesolotion by heat employ iug only a very moderate tempera- 
tore. When dissolved, a little distilled water is added, and the 
Bolution coloured with a few drops of methyl orange solution. 
The liqidd is then titrated with normal soda solution (58), 
until the pink colour of the solution changes to yellow. On 
deducting the number of c.c. of the soda solution which are 
leqnired to neutralise the acid from the number of c.c. of 
i^d added to the lime, the number of c.c. of acid which it 
has taken to combine with the lime, in accordance with the 
following equation, is arrived at : — 

CaO,H20 + 2HC1 = CaClj + 2H2O, 

wid from this the percentage amount of lime can readily be 
calculated. 

The following is an example on another sample of lime : — 
A portion of lime, weighing 5*462 grams, on being slaked, 
absorbed 1*44 grams of water = 26*36 per cent., which 
^ould correspond to 82 per cent. CaO. A fifth part of this 
flaked lime, weighing 1*380 grams, corresponding to 
^'0924 grams of the original lime, was then dissolved in 
'0 c.c. normal hydrochloric acid. On titrating this solution 
^th normal soda solution, it re^^' of the latter 

neutralise it ; then ^ the acid 

''ere required to o 
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Therefore 0-028 X 33-6 = 0-9408 gram of lime present, 

^, 0-9408 X 100 .. ^ . rr ' .n 

consequently =86-1 per cent, of lime m all 

forms, canstic, hydrated and carbonated. If there is much 
carbonate of lime present, shown by the lime efiervesdng 
strongly on the addition of the acid, it will be necessary to 
estimate the amount as in (34). 

Should there be much difference between the result of the 
slaking and of the acid test as just described, the lime is 
either not sufficiently burnt, and will therefore contain a 
quantity of useless carbonate, which is shown by the effe^ 
vescence just spoken of, or else it has been exposed to the 
air for some time, and become air-slaked to some extent 

124. The following is another method of determining the 
value of a sample of lime : — 

For the amount of free CaO, weigh 100 grams of an 
average sample, slake it completely, put the resulting milk 
of lime into a half-litre flask, fill up to the containing mark, 
and shake well. Then take out 100 cc, run it into a half- 
litre flask, fill up with distilled water, mix well, and employ 
25 c.c. of the contents, equal to 1 gram of quicklime (CaO), for 
the test. Titrate with normal oxalic acid (67) and phenol- 
phtbaleln as an indicator. The colour is changed when 
all free lime has been saturated and before the CaCOsis 
acted on. For COg, the CaO and CaCOg are titrated together 
by dissolving in an excess of normal HCl {56) and titrating 
back with normal soda (58). By deducting the CaO first 
obtained, the quantity of CaCOg is arrived at. For very 
accurate estimations the COg is expelled by HCl, and ab- 
sorbed in soda lime as in (34). 

VI. Analysis of Limestone. 

125. As mentioned under the analysis of lime, the to® 
employed in gasworks is usually met with as quick, or 
caustic lime, but as it may sometimes be requisite to knofl^ 
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) composition of the chalk or limestone from which the 
le is obtained, the following method may be employed, 
le substance selected for an example is dolomite or 
ignesium limestone, which contains both calcinm and 
ignesium carbonates. Limestone also contains moisture, 
icious matter, iron and aluminium, and sometimes man- 
mese and the alkali metals. Since the composition of 
mestone varies, in order to make quite certain what con- 
ituents are present, an exhaustive qualitative examination 
lould precede the quantitative analysis. In the present 
lample a homogeneous piece of dolomite should be selected, 
bout 15 grams finely powdered, and the powder placed at 
nee in a stoppered weighing bottle. 

(a) Estimation of Moisture. — Dolomite as a rule does not 
ontain much moisture. In order to ascertain whether any 
Qoisture is present, and at the same time to estimate its 
imount, 1 • 5 to 2 grams are accurately weighed out in a pair 
>f watch-glasses provided with a brass clip, Fig. 22; the clip 
ind upper watch-glass are removed, and the lower glass 
5ontaining the powder is dried in the air-oven for an hour 
it a temperature of about 200*^ C. The substance is then 
amoved from the air-oven, immediately covered with the 
ipper watch-glass, the clip replaced, and the glasses allowed 
» cool in the desiccator. When cold the glasses are weighed. 
JlioxQd any loss of weight have taken place, the substance is 
Iried again for half an hour in the same way, and weighed 
>nce more. These several processes are repeated, until the 
"height remains constant in two successive trials. The loss 
>f weight then observed will give the amount of moisture 
)resent. 

(6) Estimation of COg. — Transfer the dried dolomite from 
te last operation to the flask. Fig. 24. Decompose it with 
lydrochloric acid, and estimate the COg gas evolved exactly 
fi is described in (34). Care should be taker +**"* *bp 
inie absorption tube / contains suf&cient 
oiDpJefeJjr absorb all the COg gas eJVO 
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second Bomewhat smaller uoda limo tuhe should be attaebt 
to/. This aecoml, or " guard" tube, not only serves toiiOTO 
complete abeorption of the COj, but also indicates when ti 
soda lime in / is becoming saturated, and consequently D 
quires renewal. 

(e) Eiiimation of Stlieiotu Matter. — The residue remdnii 
in the carbonic acid apparatns flask, 'n-hjch has not bet 
dissolved by hydrochloric acid, conBista of sand and clay, 
small quantity of silica will also probably be found in ll 
acid Biilutiou. The whole of the Eilioa is usually estimate 
together in the following manner : — 

The content* of the flask are carefully rinsed out into 
porcelain dish about four inches in diameter, a little stiDi 
nitric acid is added, and the liquor evaporated down ti 
dryness on the water-bath. The dieh is then gently hate 
on a sand-bath until no moisture is deposited on a cold cloi^ 
glass vvhen the latter is placed upon the dish. The dish it 
then allowed to cool, and the contents are heated with.. 
little strong hydrochloric acid, bo as to dissolve everythiili 
except the silica. A little "water is added, and the reBidnei 
filtered off and washed free from acid. The residue is tli 
ignited, together with the filter if it is small in amonnti 
if, however, ibe residue is considerable, the latter i 
conveniently incinerated apart from the filter. The residw 
obtained in this way consists of silica and clay. 

(d) Hgtimation of Ferric Oxide and Alumiita. — Add to th* 
filtrate and washings from the estimation of silica, a 
siderable quantity of ammonium chloride solution, and ihBB 
a very slight excess of ammonium hydrate. Heat tkft 
solution nearly to boiling, and filter off the precipitai* 
containing the mixed hydrates of iron and alumina, ffasli- 
the precipitate two or three times with hot water, thai 
dissolve it in hot dilute hydrochloric acid, and reprecipitftti 
the iron and aluminium by adding a slight excess of ai 
nium hydrate. It is necessary to effect this double precipitw 
tion, in order to completely separate the small quantity d 
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Lcinm whicli is precipitated with the iron and aluminium 
the first instance. Filter off the precipitate, and wash it 
Ltil it is free from dissolved chlorides. If the precipitate 
small in amount, which is generally the case, or if there is 
) necessity to estimate the iron and aluminium separately, 
ry the precipitate in the water-oven, and ignite it at a 
right red heat in a platinum crucible. Unless the pre- 
ipitate is large in amount, or contains a large quantity of 
ron, the filter and precipitate may be ignited together. The 
gnited residue will consist of FogOs ^-nd AlgOg. 

(e) Separation of Iron and Aluminium. — The washed pre- 
cipitate of aluminium and iron hydroxides is dissolved 
npon the filter in hot dilute hydrochloric acid, and the 
solution collected in a nickel or porcelain dish, containing 
about 50 C.C. of pure strong caustic potash solution. The 
acid adhering to the filter-paper is washed out with a small 
quantity of water, and these washings are also allowed to 
run into the dish ; the contents of the latter are then boiled 
for a few minutes. The iron will be precipitated as ferric 
hydrate, the aluminium hydrate remaining in solution. 

The iron precipitate is filtered off; it is then again dis- 
solved in hydrochloric acid and reprecipitated by ammonium 
lydrate, in order to free the ferric hydrate from fixed alkali 
potash). It is then washed and ignited apart from the 
liter at a red heat (19 &), and weighed as FoaOg (29). 

The solution of aluminium hydrate in the KHO solution, 
i treated with a slight excess of strong hydrochloric acid, 
od then with a very slight excess of ammonium hydrate. 
t is then filtered off, washed, dried, ignited and weighed as 
J2O2 (30). 

[It may sometimes happen that manganese is present in 
le limestone ; if there is only a very small quantity it may 
e neglected, as it will be thrown down along with the iron, 
nd will cause no appreciable error. If, however, there is 
ny quantity of manganese, the iron and aluminium muB* 
*e first precipitated as basic acetates and the mai 
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afterwards precipitated in the filtrate as liydrated peroxide 
of manganese. 

In order to precipitate the iron and alumininm as basic 
acetates, the acid filtrate from the silica determination, is 
considerably diluted with water, and a solution of ammonium 
carbonate is gradually added, with constant stiiTing, until the 
precipitate which first forms is with difficulty redissolvecL 
Tlie colour of the solution will now have become a deep 
brown. The ammonium carbonate solution is continued to 
be added very slowly, until a very slight precipitate forms, 
which just redissolves on stirring. This is readily seen to 
be the case when the liquid becomes slightly opalescent. 

A moderate quantity of ammonium acetate solution is 
now added, and the liquid boiled for a short time. The 
liquid is filtered while hot, and the precipitate twice washed 
with boiling water. Any manganese which has been pre- 
cipitated with the Po and Al is removed by ledissolving the 
precipitate in hydrochloric acid, adding ammonium carbonate 
as before, and rep recipita ting the Fe and Al with ammonium 
acetate solution as just described. The precipitate will now 
contain the iron and aluminium as basic acetates, the 
manganese remaining in solution. 

Filter and wash the precipitate, without stopping, with 
hot water ; add the first portion of the washings to the two 
filtrates, and treat the liquid, which should be perfectly 
colourless, as follows. Add bromine water to the solution 
until it acquires a permanent yellow colour, then add excess 
of ammonium hydrate solution, and warm. The manganese 
will be precipitated as hydrated peroxide. Filter this off, 
wash and ignite it strongly, and weigh as Mn304]. 

(/) Estimation of Calcium. — Collect the ammoniacal 
filtrates and washings from the iron and aluminium preci- 
pitate (d), heat the liquid to boiling, and then add a moderate 
excess of ammonium oxalate solution. Allow the precipitate 
to settle sufficiently long, then filter, and wash the pre- 
cipitated calcium oxalate, tvio cat tlMc^^tvcasa* Rediasolve the 
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precipitate in hot dilute hydrochloric acid, and repeat the 
precipitation by adding a slight excess of ammonium hydrate 
solution, together with a few drops of ammonium oxalate 
solution. Filter off, wash, dry and ignite the precipitate, 
and weigh it as carbonate, and finally as oxide, as in (28). 
The repreoipitation of the calcium oxalate is necessary, in 
order to completely separate the magnesium which is at 
firrft thrown down with the calcium. 

(^) Estimation of Magnesium, — The precipitates and 
washings from the precipitation of the calcium are poured 
into a porcelain di^h of about six inches diameter, and the 
liquid evaporated down to dryness, care being taken that it 
does not creep over the edge pf the dish. When all the 
liquid has been driven off, place the dish on a sand-bath or 
on a piece of wire gauze, aud heat it as long as ammoniaoal 
fumes are driven off. It is necessary to remove these am- 
moniacal salts on account of their preventing the complete 
precipitation of magnesium. The residue in the dish is 
treated with a little strong hydrochL»rio acid, water added, 
and if necessary filtered. A moderate excess of ammonium 
hydrate solution is added to the clear liquid, and then an 
excess of sodium hydrogen phosphate solution. The liquid 
is allowed to stand for a few hours, or vigorously shaken in 
a stoppered bottle, the precipitate is filtered off, and washed 
with dilute ammonium hydrate solution ; it is then ignited, 
and the Mg weighed as MgaPgOT (32). 

(A) Estimation of the Alkali Metals. — These are not usually 
determined in a limestone ; they can, however, be estimated 
if necessary, by dissolving 5 grams of the dolomite in hydro- 
chloric acid, and adding an excess of milk of lime, 
prepared by stii-ring up fresh and pure slaked lime into a 
cream with water. The milk of lime precipitates the 
whole of the metals present, except the alkali metals. The 
excess of lime is the "^ by adding am^"««uiii hydrate 

and amiDftv^^ ' ezoe^ ipitated 

calciii] -^ ^*V(^ 
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HCl, and evaporated to dryness in a weighed platinum or 
porcelain dish. 

The chlorides of sodium and potassium thus obtained, are 
heated for a short time on the sand-bath, and, after cooliflg 
in the desiccator, are finally weighed. A little calcium is 
frequently found in this residue, it is therefore always ad- 
visable to dissolve it in water containing a few drops of 
dilute HCl, and then to add a few drops of ammonium 
hydrate and of ammonium oxalate solution. If a precipitate 
forms, filter, evaporate the filtrate, and ignite and weigh the 
residue. The residue is then dissolved in water, a few 
drops of HCl added, and then an excess of platinic chloride 
solution; the liquid is evaporated on the water-bath until 
a semi-solid crystalline mass is obtained. This is then 
treated with alcohol, in which the potasssium 8alt KaPtHClg 
is insoluble. The further treatment is the same as in the 
analysis of fire-clay (131c). 

In additicm to the constituents enumerated above, lime- 
stone may also contain phosphate, sulphate and chloride. 
The phosphate may be estimated by dissolving from 3 to 
5 grams of the dolomite in nitric acid ; most of the acid is 
evaporated off, the liquid diluted, the residue filtered off, and 
the (PO4) in the filtrate precipitated with a solution of am- 
monia molybdate, and the phosphate estimated as Mg2p2^'' 

The sulphate may be estimated by dissolving 5 grams 
of the dolomite in dilute hydrochloric acid, filtering off the 
residue, and precipitating the SO3 as BaS04. 

The chloride may be estimated by dissolving 5 grams 01 
the dolomite in nitric acid, filtering off the residue, and 
precipitating and weighing as AgCl. 

126. The following is a rapid method for the analysis 
of a limestone : — 

Dissolve 1 gram in HCl, filter the residue, wash, dry 
and ignite. In the presence of appreciable quantities ot 
organic matter, weigh the filter after drying at 100° C. and 
ignite afterwards. The difference is taken as organic matter. 
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For the amount of lime, dissolve 1 gram in 25 cc. 
tiormal HCl (56), and titrate with normal alkali (58). 
Deduct the latter from 25, and multiply the remainder by 
2*8 to find the percentage of CaO, or by 5 to find the 
percentage of CaCOs. 

In this case MgO is calcidated as CaO ; if necessary the 
MgO or MgCOs obtained may be deducted. Magnesia is esti- 
mated by dissolving two grams of the limestone in HCl, pre- 
cipitating the CaO by NHj and ammonium oxalate, filtering, 
and precipitating by sodium phosphate. The precipitate is 
allowed to stand for 24 hours, filtered, washed with dilute 
ammonia, dried, ignited and weighed as magnesium pyro- 
phosphate, one part of which = 0*36036 MgO. 

VII. Analysis of Oxide of Iron (Bog Ore). 

127. The principal information required in the analysis of 
oxide of iron for purification purposes is the amount of 
Daoisture and ferric oxide, and this is obtained as follows : — 

(a) Chravimetrically. — Obtain a fair sample from the bulk, 
"^eigh out about six grams into a tared watch-glass, and dry 
lu the water-oven at a temperature of 100° C. until the weight 
^ constant ; this will give the amount of water held in loose 
^mbination ; the residue is then transferred to a platinum 
crucible, and ignited at a moderate red heat. The weight 
lost on ignition is due to the water of hydration and organic 
matter. 

The residue in the crucible is then washed into a beaker, 
and digested with strong pure hydrochloric acid, a small 
quantity of pure nitric acid being subsequently added. 
The digestion should be continued until the undissolved 
residue has lost its red colour, showing that all the ferrio 
oxide has passed into solution. The contents of the beaker 
are then diluted with distilled water and filtered, n"*!* ♦^ 
object of getting rid of the silica, sand, &c. ; the ^ 
ing the silica is washed with distilled water 
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from acid. The filtrate is then heated, and a slight excess 
of ammonia added, which will precipitate the ferric oxide 
and alumina. The mixed precipitate is then filtered, and 
afterwards dissolved by pouring moderately concentrated hy- 
drochloric acid on the filter, finally washing the latter with 
a Kmall quantity of distilled water, so as to remove any traces 
of iron solutinn remaining on the filter-paper. The solntion 
thus obtained is then brought to the boiling point, and an 
excess of solution of pure caustic potash added. This will 
precipitate the ferric oxide, which is then washed, dried, 
ignited and weighed as Fe^Oj (29) ; the alumina in solution 
can be estimated by adding a slight excess of strong HCl, 
and then a very slight excess of ammonium hydrate. The 
precipitate is then filtered off, washed, dried, ignited and 
weighed as AljOg (30). 

(Jb) Volumetrically, — The amount of ferric oxide in hog 
ore may also be determined, volumetrically, by means of 
permanganate or bichromate of potash. 

The solutions employed should be about decinonnal 
strength, if permanganate is the standard solution used 
then the iron should be dissolved in sulphuric acid, and 
reduced to the ferrous state by means of zinc, but as 
most ores dissolve rather sluggishly in sulphuric acid, it is 
preierable to dissolve in hydrochloric acid, and reduce witli 
ammonic bisulphite, employing bichromate as the standard 
oxidising solution. 

The following is the method of making a determination : — 
Weigh out about 1*5 grams of the finely powdered ore, and 
dry in the water-oven at 212^ F.; the loss is the amount of 
water loosely combined. The residue is then gently ignited ; 
the loss on ignition is the combined water and organic 
matter, peat, &c. The ore is then digested with moderately 
strong hydrochloric acid for some time until all the iron is 
extracted ; the solution is then diluted and filtered, and, to the 
filtrate, ammonia is added until a faint precipitate of ferric 
oxide appears. This is redissolved with a few drops of HCl 
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and some stroDg solution of bisulphite of ammonia, added in 
the proportion of about 1 c.c. for • 1 gram of ore, or • 06 
gram Fe. The mixture is well stirred, boiling water added, 
then acidified with dilute sulphuric acid, and boiled for half 
an hour ; it is then ready for titrating. 

Of course, when reduced to the ferrous state, the solution 
must be preserved out of contact with the air by the 
employment of the flask, Fig. 35. 

As an example, 1 • 5 grams of bog ore were weighed out 

dried, * ignited, dissolved and reduced as described. The 

N 
solution then required 67 c.c. -— bichromate solution (63), 

which multiplied by 0-0056 = 0*3752 gram Fe = '636; 
FcgO, = 35*7 per cent. 

VIII. Analysis of Spent Oxide of Iron. 

Method of Determining the Amount of Sulphur in Spent Oxide 

of Iron. 

128. This method is based on the fact that free sulphur 
is dissolved by bisulphide of carbon, and on evaporating off 
the bisulphide, the sulphur is left behind in the solid form, 
in which state it may be weighed. 

The apparatus employed, was designed by Mr. A. 
Stephenson of the Gas Purification Co., and is shown in 
Fig. 47. 

Weigh 100 grams of spent oxide, dry at 212° F. in the 
water-oven, and weigh at intervals until a constant weight is 
obtained, which will give the amount of moisture. Place the 
dried material in the drawn out test-tube A, on a layer of 
about 2 inches of cotton wool. It is necessary to exercise a 
little care in placing the cotton wool in the test-tube ; if 
rammed too tightly it will prevent the solution of sulphur 
filtering through ; if too loosely it will peimit some of the 
oxide to pass. Bisulphide of carbon is blown from the 
bottle B into the test-tube A on top of the spent oxide. 
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CS3 gradually percolates tHrongh the material, dissolving 
the bxdplinr in its course, the solution finding its way by 
dtation into the small flask C (previously weighed when 
n and dry), which is placed in a copper water-bath. 
) Bnnsen burner is then lighted, and the application of 
t soon vaporises the bisulphide of carbon from the flask C. 
B vapour travels through the connecting tube into the con- 
iser, and is recovered in the receiver D, under water, ready 
fnrther use. The sulphur remains behind in the flask C. 
The oxide is treated with the bisulphide until the whole 
tlie sulphur is dissolved out ; three or four times the bulk 
the oxide is about the proportion of CSj necessary to 
)ct this. 

When all the sulphur has been dissolved out, the flask C 
placed in the water-oven to drive off the last remaining 
^8 of CS2, and weighed at intervals, until the weight is 
istant. The weight of the flask and sulphur, minus the 
light of the empty flask, will give the weight of sulphur, and 
is will be the percentage amount on the " wet " sample. 
It is necessary to remember that CSj is very inflammable, 
d in the gaseous state, when mixed with air in certain pro- 
rtioDs, is explosive. The bisulphide in the holder should 
covered with water. 

The amount of free sulphur in spent Weldon Mud and 
le may also be determined by the above method. 

Estimation of Sulphocyanidea in Spent Oxide, 

129. Fifty grams of the spent oxide, after freeing from 
Iphur, are extracted with warm water, and the solution 
rtly evaporated on a water-bath, acidified with sulphurous 
id, and precipitated with an excess of copper sulphate 
intion. The white precipitate is collected on a weighed 
ter, dried and weighed. 121 • 5 grams of copper salt corre- 
end to 76 grams of ammonium su^phocyanide. If no 
Ipride, cyanide, or ferroojanide is present thia ^§>t\m^l\Qi\ 
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•>-;r.- .*. Jz, -LLif rih,- 7t*ir iiii: Al,0, dissc«lved bj theNaHO 

hk 'r,J::.iL.ai'c»L i* zi^oEsssaiy, as it is precipitated, together 
wjt)i VniitA'.iAii Line, even in slightly acid solutions ; more- 
o¥<;r, by it* precipitation, dark tarry matters are likewise 
t'MVTu '1 <lown, and the solution is thus partially clarified. 
S\'U*v \\\\i',r\\% off the AlgOj, the solution is made slightly 
fii'iil with 1 101, heated to boiling, and poured into a hot 
illhiio HciliiHdii of forrio chloride. The Prussian blue thus 
pHM'ipiiMtPtl in allowt'd to settle, the dark red liquid poured 
\\\\^ mwl tho |>ivoipitAto well washed by deeantation. 

\\ \\k\\\\^\\ \\\^\\\\^ on \\\ a filter, and washed with hot watet 
^^^\lO \\w llUvi^to i» fixv fnmi iron, dried and ignited in ^ 
)N'M^^nn»\ ontoiblo tx^ >^'hich tJie air has access. It is th»^ 
\N ^N\> f> >^ \^,^^ IXN^TK^ \Nxid^ whicii is weighed, and tti 
,,nivi.;\ ot tSA^\v^«>^v\fr <Mkk^Uted ^remthe weight foun^ 
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iO parts of ferric oxide correBpond to 636 parts ferro- 
jtonogen (Fe (CN)e) and to 860 parts of Prussian blue. 
\ Dr. Arnold, in his * Ammonia and Ammonium Com- 
IJMindB,' describes a volumetric process which he is in the 
\fiAt of using. 

I 42*2 grams of pure dry potassium ferrocyanide (K4Fe 

IIN)g + SHjO = 422) are dissolved in water and the solu- 

■OQ diluted to one liti-e. A dilute, slightly acid, ferric 

jUoride solution is placed in a burette and 10 c.c. of the 

tBrrocyanide solution titrated with it. So long as an excess 

0f ferrocyanide remains in solution, no Prussian blue is 

precipitated. If a drop of the dark blue liquid be placed 

on filter-paper, it spreads out to a uniform blue spot. As 

poon, however, as all ferrocyanide is converted into Prussian 

line, the spots do not spread uniformly, but give a blue 

patch, in which the particles of precipitated Prussian blue 

•xe easily seen. The end of the titration may be accurately 

ietected by employing filter-paper previously soaked in 

a solution of ammonium sulpho-cyanide. The slightest 

eioefis of iron is then recognised by the fact that the blue 

particles no longer appear on a white, but on a yellow or red 

groand. 

The strength of the iron solution having thus been ascer- 
Uned, it is diluted to correspond with the ferrocyanide 
Kdation, and again compared with the latter in the manner 
; ibove described. With this iron solution, all liquids contain- 
ing ferrocyanides can be titrated with fairly accurate results. 
The Hquids must, however, be neutral and free from alumina. 
I^itbe supposed that 20 c.c. of the neutralised caustic soda 
tttract (diluted previously to 600 c.c) require 30 c.c. of ferric 
<Woride solution, then as 1000 c.c. ferric chloride solution 
coiTCBponds to 21*2 ferrocyanogen (Fe(CN)g) the whole 

21-2 X 10 
tttraet contains lOOO ^ = 5-3 grams = 2 X 6*3 

20 
«* 10'6 per cent, of ferrocyanogen. 
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7^p's-*:Iu7 :» tzhii Tuunii ^c£^K>gii im> aa&T day ^which is 

J. r^nruTDjiTT izri-^ilaj will (Bmssum xneudly pme hydrated 
iiliiiaae if .u'lmina. 

Tliti 3iur«i il-omina "^hik^ zhBsx ^m finrpointian to the silica, 
*ae iuiiT«t Larai&'bLe will be tojs ciaj. Tlit'OQnBpaBitian of dif- 
ittTHnu ±R-»:uij^ iiticesMfilj Tafsfft ^wvivr. Tbey contain 

From .}i> ts JH pec <»iitL siia l^£\> 

1 ., 3H ^ afmnnnfc uAlW»> 

inil 1 TH^rj snail perc<*Ti rage of TfTn»> isii|piteBa» potash and 

The gr^retastn'Tiz propemes of the- day depeand chiefly 
Tipon tKe ri^IatiTe prop«^£tii:nft of t&ese consdtiienta. If the 
oxi-ie of irJD. or alkalies ?ure present in large proportions, 
r.Lr V ;2kct i^ a dux^ and caizae fooLon, the day is then no longer 
refract*: rv. 

The f jLlowing is th.e method of analysis. A quantity 
of the siiCH»tance r&re-<:Iay or brick; is reduced to an impalp- 
able powder in an agate mortar and placed in a stoppered 
weighin-^ tube. 

About 2 grams of the sample are dried in a platinnm 
crucible or platinnm dish at a temperature of 100^ C. until 
the weight is constant ; the loes in weight gives the moistnre. 
In the case of clay it is then ignited, at first gently, and 
afterwards strongly, and for a tolerably long time ; the loss 
in weight corresponds with the combined water, together 
with the organic and volatile constitnents of the day if snch 
are present. 

1*5 grams of the powdered sample are then weighed 
accurately out into a platinum crucible and about four times 
its weight of a fusion ndxture added, consisting of sodium 



■Mid potassium carbonates mized in moleoular proportions. 
iThe whole is intimately mixed hj means of a umootb rounded 
■elasa rod. It will be found convenient to add the fusion 
HaoixtiLre by small portions at a timo, since in this way a 
BoDore thorough misture is obtained. The mixtiire should 
Bonly half fill the crucible. 

H The lid is then placed on the ciiicible, and the latter 
■gently heated over the Bunson flame ; the temperature is 
Bgisdually increased, care being tiiken that no loss ensues by 
■the frothing due to the evolution of CO,. When the mass 
IJB fused, the crucible is transferred to the bIow>pipe flame, 
■ and the whole is kept at a bright red heat until effervescence 
B.oeases and the fused mass becomes tranquil. The flame is 
B'then removed, and the crucible is allowed to cool just below 
f redness, when it is placed on a cold surface, such us a clean 
block of iron, so as to assist it to cool rapidly. When cold, 
the crucible and its contents are placed in a deep evaporating 
difih or in a shallow beaker ; this is covered with a clock- 
glass, and tolerably slroug hydrochloric acid added to the 
contents, which should be gently agitated after each addition 
of the acid, and kept covered during the operation. When 
effervescence has ceased, and the crucible is free from all 
adherent solid, remove the crucible by means of the crucible 
tongs, carefully rinsing off any adhering liquid by means of the 
jet from the wash-bottle, into the main portion of the liquid. 
On treating the fused mass with HCl as above described, most 
of the SiOj will separate out as a gelatinous mass. 

If any gritty particles ore felt, on stirring the bottom of 
the vessel with a glass rod, the fusion is imperfect. This 
is generally due to the original substance not having been 
powdered euiSciently finely. In thia event, it is usually more 
liatisfaotory to make a fresh fusion, taking care that no 
coarse particles are present in the portion of the sample for 
the fresh fusion. 

(a) E»limation of the Silica. — The liquid containing the 
gelatiuona silica is then transferred {\i aftuesawrj^ \;^ ^si. 




IM >^ ftAA ESAI>BS 

«««fMilBi^ bn. ^efamUj cf platinwip. uid eTa{>orated tn 
JvjBOM ^iB • vattf-tetk. VlkBB tbe eoatenU of the batdn 
keaa^ P>"^> '^T >ko"U Iw wwtiiiMlly itirred with ftl 
rasHled ^Hi '(■4 to pcrcBt the fbcnuiioa of lompe. 
■n the Bqnil b* bas drivca tS, tlte oonlents of the dull 
ihowU b> ia dw Bttie of » fine powder. In onler to e 
tfa» Wt tnea of HO, Ifae diah •hoaU now be pUoed upon kj 
nad-tak. and bnted with ■ mall Baneen flame until m 
■uMtBTS ii dtyo«itad on a cold duck-glaae when placed upon ' 
ifediAfivafinrwooiida. The dish is then allowed to ooul, 
•ad ito eottteato an ■KUteiwd with strong ECL It ie ilea 
htmteA oa a ivater-batfa Ibr ahont half an hour, a bdirII 
qttantitj of hydrodilonc acid lieing oocasionally added with 
Btmiiig. Hut distiUed water is now added, and the silica w 
filtered off and is washed ft«e from dissolved cliloridea. The 
precipitate v^ ignited apart from the filter (19b), the pTeci]^fl 
tate heing transferred to the platinum crucible cautiDntl^T 
mnoe it consiEts of a reiy Hght powder, which is euAn 
blown away. The lid is placed oa the crucible, and tl 
latter heated, exceedingly gently at first, and the tempe 
tnre raised very gradually, or the escaping Bt«aiu will a 
aome of the fine light powder away with it. The cmcibleil 
finally raised to a full red heat over the Bunsen flame, 

(b) Eilimalion of A\fi, anit FejO,.— The filtrate from & 
8iO» is mixed with NH.Cl solution and then withNH,ij 
slight excess, the hydrates of iron and alum in in m, of w 
the precipitate consists, being separated as under. 

The precipitate ia washed, and dissolved upon the S. 
in hot dilute hydrochloric acid, and the nolution allowed l| 
flow into a nickel or porcelain dish containing about 50 W 
of pure strong KHO solution. Wasli out the acid ^ 
remains adhering to the filter-paper with a small qnsntit] 
of distilled water, and allow these washiii 
the diah, and boil the contenta of the latter for s fi 
minutes. The iron will be precipitated as ferric hydnHH 
while the hydrate ol a.\\:iTOiDiuiYi "wVi \e,tii».vu. in solution. 



SPBCIAT. AMAUmS. 197 

The iron precipitate is filtered o^ H is titeai agsia die- 
solved in HCl, &nd reprecipitatod by UBBoiiiflm hjdnle^ ik 

order to free the ferric bjdnte from potesb. It ia tben 
washed and ignited apart fma the filter, ftt a red heat, aind 
'weighed as Fe,0]. 'ilie eolation at tLe alnmiiiinai bydtate 
in the potafwium hydrate solution ia treated with a sUj^t 
excess of strong hydrochloric acid, and then with a xeij aUgbt 
excees of ammonium hydrate. It is then filtered off, waalied, 
dried, ignited, and weighed aa ALOj. 

Another method of separation is, after weighing tlie 
mixed hydrates of Fe and Al, to dissolve them in EHSO, and 
about 5 CO- HjSO,, add about 1 gram hypcaulphite of soda, 
boil, and titrate the solntiuo with ^^ normal bichrouate of 
potash; this will gi^% the amount of iron. 

(c) £!»tifn<itioNq^li«<7[iIen(m.— If the volume of the filtnte 
from the iron and alumina precipitate is very large, evaporate 
it down to a couTenient bnlk, add a little ammonium hydrate 
if not already alkaline, and then a slight excess of ammonium 
oxalate. Allow the liquid lo stand, filter off, ignite, and 
weigh the precipitate as oxide (28). 

(d) Etlimation of Ae Magnesium. — Evaporate the filtrate 
and wasfaiuga from the calcium oxalate precipitate te dryness, 
ignite the residue, and treat it with a little strong HCl, add 
water and filter, if necessary. To the clear solution add 
ammoninm hydrate in moderate excess, and then an excess 
of sodium hydrogen phosphate solution. Allow the liqnid 
to stand for a few hours, or shake it vigorously in a steppered 
bottle, filter oft, wash the precipitate with dilate ammo- 
nium hydrate solution, then ignite it, and weigh the Mg as 

lag, PA. 

(e) Egtimadon of the Alkali Metals. — Since sodium and 
potussium carbonates have been employed in the fusion, the 
adkali metala cannot be estimated in the filtrate from the 

■ naogiiesium. A separate portion of the substance is accord- 

H^P%1y used for their determination. 

^^1 Lawrenog Smith's method for the detevmiiia.Vi.on <i'i "Oiife 



I LABOSATOBT HANDBOOK. 

alkali metals will be fouDd the most convenient. Th 
following is the mode of procedure. 

Weigh out accurately about 1-5 grams of the finel] 
powdered Babetance into a platinum cmciblc, intimatel] 
mis thia with a miiture of ] -5 grams of pure rocryatalliBM 
ammonium chloride, and 9 grama of pure calcium carbonatev 
Then heat the cruoiblo to bright redness for an hour over* 
good Bunaen or blow-pipe flarue, or preferably as followB. 

Place the platinum crucible in a clay crucible containing 
a little calcined magaefiia or lime at the bottom and rouid 
the sides, and heat the clay crucible in a gas furnace, whidt' 
is capable of maintaining it at a bright red heat. When the 
crucible has been heated for an hour, allow it to cool, and 
place the platinum cruoiblo and its contents in hot waterin 
a covered platinum or poroolain dish, and boil for a time. 

This procoduro will dissolve out the alkaline cbloridet 
together with somo calcium hydrate. Filter and mis tbs 
filtrate with ammonium hydrate and ammonium ( 
Holutiona in excess, and with a few drops of ammomnnL 
oxalate solution. Allow the liquid to stand, filter into t 
platinum or porcelain dish, evaporate the filtrate to dry- 
nesa, and heat the reaidue just below redness, but auffioiently 
strongly to drive off the ammoniacal compounds. 

Dissolve the residue in water ; add a few drops of AmHO 
and of ammonium oxalate solution to precipitate any traced) 
calcium still in solution ; filter, and evaporate the filtrate tO 
redness, with a few drops of HCl, in a weighed dish. Gw&j 
ignite the residue and weigh, repeating the ignition until ^,^ 
weight is constant. The weight of the residue thus obtamej 
gives the combined weight of the potassium and aodis 
chlorides. 

The residue is then dissolved in water aod the potasanl 
chloride is precipitated by platinio chloride in the follow 
manner. To the solution of the residue a few drops of S 
are added, then anexcoss oE platinio chloride aolntiai 
liquid being aftorwatla eva'potH.^ai oii. \W-«*.\ft,i.\ 
^euji-solid crystalline masa is o\ita.i»ei. 



ilte 




■ <r»HWb«^ 




n the filter with aleobol 



The platinic chloride is 
natant liquid being of an arm 
been oonceatrated to » sm»Il balL 

When it ia certam that deie ii ■ 
chloride, we may then pnxeed auixdiiif 

(a) Foot alcohol upon the ma^ ; Kntfj- ifcihi ti 
roaud in the diah bo as to mix t^ eo t^U of dc ■ 
together, allow the precipliate 
off the liquid tkroagh a tared fi 
twice, and finally tcausfer the a 
filter by means of a snail 1 
Continue washing the precipiiate ■ 
until the washings are no longer colottred. Dry the filter 
and its contents at 100" C, and weigh aa 2KClPtCU 

(6) A rather quicker method of treatiDg the precipitated 
doable salt is to wash it with alcohol by decantation ontil 
the alcohol is no longer coloured, the alcohol being decantat«d 
throngh an nntared filter-paper. Care must be taken that 
as little as possible of the precipitate is ponred off with the 
alcohol. The doable salt, freed from the excess of PtCl, ia 
now washed into a platinum cmcible, dried at 100' C and 
weighed. The filter, which will contain a little of the donhle 
salt, is then incinerated, and the ash is dropped into the 
crucible and weighed. By deducting from this weight the 
weight of the filter ash, the approximate weight of platinum 
left by ignition is found ; this is calculated into doable salt 
and the weight is added to that of the double salt already 
found in the crucible. If the quantity of precipitate loft on 
the filter is appreciable, the weight of KCl left in the filter 
ash, not being allowed for, will introduce an error. The filter 
in this case should be ignited in a separate cruciblo, the KCl 
washed out from the ash by hot water, and the dried residue 
weighed. The true weifl'i^^^^y^tinum in the ash 
is thus ascertained, » ^^^^^^^^^onod above. 

The weight of l^^^^^^^^^||[ed chlorldeu 

of potassium and 
The obloTtdes &r 
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X. Assay of Coal Tar. 

132. The aeBay of coal tur is UBually limited to a, laboifl 
tory operation, in which the varioue fractions are ooUeota 
UB Dourly as poNiible under the same canditions as pertain t 
the large scale, though the details will uecobsarily vary b 
circnmetanctrB. With pructiue, good results are ohtaiiia 
with aa siuaU a quantity as 10 ok. of the tar, the yielt 
correBponding cluaely with those given on a large scale ; tol 
the chief value of such laboratory operationB is for oomp&riii| 
different sampleH of tar. 

The following is the method of makiog the aseay r- 
C.C., or 10 oz., measure of the lar to lie examined should i* 
placed in a glass retort, of such a capacity that the tar on); 
fills aboDt one-third of it, the object of this being to preTeat 
the distillate being spoilt in ibe event of there lieing w 
frothing duiing the diatillation. The retort may he oon-. 
veniently supported on a cup-shaped piece of wire g 
placed in an aperture in a sheet-iron plate. Over the retort 
a dome is placed : this may be made by removing the bottiwi 
from a tin can or bottle, and tutting out a piece of the aid* 
to allow the neck of the retort to pasa through. The objaot 
of this contrivance is to confine the heat, and prevent tim 
distillate or heavy vapour from falling back ; withont « 
arrangement of this kind, a satisfactory assay of coal tar in ^ 
glass vessel is nearly impossible. 

TliC products obtained by the diatillation are : 0-} 
amnioniacal liquor; (2) total light oils; (3) creosote oil; C*J 
anthracene oils; and (5) pitch. 

In obtaining the above fractions the character of '■" 
distillate is quite sufficient to indicate the point at which 'i"^ 
receiver should be changed. 

It is not necessary to insert a thermometer, nor to connew 
the retort to any condensing arrangement. 

The lamp being lighted underneath the retort (a powerf"* 
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Bimsen shoiiLl l«e use'l.astowaribTLr •:. >e - *-^ 

it is neces&arv to main tain the wire :ra"i2/t i*. » r-- 

ammoniacal iiciuor and naphtha &Lv'I. i T»r :■.---'-'■ ■ - 

in a gra'luate'l cvlinder. which sho'i'/i ":•=::-■»:-:-'- '^- ' , 

drop of the cistillat-: colleitoi in a t^st-f/'*=: i'^*--*'-^"^ 

to sink. In tLis :ract:-:ri the an^ni:r.:i«'::»". '.:./: ' •-- • ' - 

total " light '.i.s " will l^ :::inl : th-^ rrXT.r-.*.'-: .- "* ----*" 

means oils li^htvr thaL water. Aftrrr 5t.ii.i:r-2 t'.r - •-•" '"'' ^ 

to allow perf'.-ct separation •:■: the ai:Li:-".n:.v.al 1: ._": '.' i^ • "' "^ ^. ^^ 

oils, the Vi.-l"iiL;e of ea:-h fch-'iili h>r '.'-.*-rr"!'-iii. *'- -- -- i"*'-' 

necessarv. the streniTrh of the iir^Ti r as-'.-er'^i-^i .- '--•'■ ••*" 

wav Iv Ji-jtillati.'ii with caustic b.i'la. ti-i ".."-"''-"- ■ • ' .^ 

'listillate. The quantirv of lii:Lt '_•L1^ ..'••--■.-«.-■: •' -- -• 

sufficient to -ftlliw of anv further fru*Jti.>i.u'A c : : - -i • 

TLe next fraction of the distillattr vil. •: •n---"- .'" "" 
oil. A* the :-oinmen cement it iwili cuiitain u.'a::. n .' - ' - "- " 
and will verv t robahir Bulidifv iii Av'uiiv cr ••%..- - ■- ^ 
but iuter ma more fluid distiliat* v.'ii- i* >....^ - 
still lutrr s^tage. a droj^ of the distiiiiit- c.h-r;.-: 
steel tT.at" la wlii ]>♦. found T«.- U'.-i»<-»s=i* ani'-'vy- i- ■ -- -- 
"I a ye.- w. or ]L:reeiiish-v»rli«»w v*--: -"»'-• ^ * - -• - 

t'tK-rs T lil-r. : lit r*iCc:Vt,*! >ji«.>lli' <4.%i"*i-' *" 

Irar-t ii. .. "• .*4,:i,*ff. m^asiirf '1. 1 ^ ' ^' • '^ -^*- - '-*" 

carklic a:-::', unt. nai.ntiicu-.-ii-- . **..- =-*►-.•-•-•:•-'•'• *• 
W.th ni.iden. Lonaon l,ar.- :' ^" •s^^"-'"-- 

tJii-s frui'ti .n ih fc'jijij-fi-.^.ii- i* v% 1- r.^-r-.. r 

^ta5,T.re :: viiht i;u;i* var:^ 

The ner: fracTtiui r -i^* :ii^ l.-i.— 

*^*^*-Lrfa:;eiie. aii Ti^-r -7^^-;^i rr-'-- -''-- 

^-^-•n i.& a 7^1.: -5-. -r-ii^-r 4ti.:i^'?'»*-'-- -''• '^ 

?^-.ei :r: -ij :::. v,.^; iiv:t^*^— * * . 
It-,,--. ,, -* - * • 

^_^^ia:Ling :n the rptori: ixi.-cr-'i''^^ 

•■ *-*low fnLLes. 
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The distilled fmction containing the anthracene oil sLoali > 
then be meaeured and cooled thoroughly, and the reBulUst 
pasty maaa pressed between folds of blotting paper, wetgbei, 
and assayed for real anthracene by the authraqninone trtt 
The result should be calculated into cmde aQthracene of 
30 per cent., a standard which is generally adopted by 
man u faetn rera. 

^Vhou the distillation for anthracene oil is complete, tlie 
retort should bo allowed to cool, and when almost coU, tlis 
body of it should be immersed in cold water. This opera- 
tion proiluoea a rapid surfaoe-eooiing and shrinking of the 
pitch from the glass, which may then be hroken away uid 
removed by gentle tapping, leaving the cake of pitch dean, 
and in a fit state for weighing. 

The following figures by Mr. B. Nickels, F.I.C, show the 
result obtained by the assay of four representative sample 
of London tar. The apparent excess is dtte to the (act that 
the samples of tar experimented on were measared Into tko 
retort, while the resultant pitch ^ 



Total light oils .. .. 
Carbolic and cieoaotc oils 


2-5 
2-5 
21-3 


3-7 
3-4 
17-0 


8-0 
0-5 
23-0 


5-0 
3-2 
2O-0 


AntbraceDS oiU .. .. 


SoUd. 
17'0 


Solid. 
17-0 


130 


la-o 


Pitch (grams per 100 c.c.) 


59-4 
102-6 


Seml-»Ud. 
60-0 

101- 1 


58-0 
102-2 


SnJ.Hfii 
62-0 ' 

IM^ 


PresBed entliraCBDe.. 
Containing real anthra- 

- 30 per cent, onide an- 
tkraoene in l«r 


4-0 


1 par cent. 
1-47 


15 
25- 

1-3 


68p«<«t 



The following table shows the mean composition of thi' 
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agoing samples in juxtaposition with the general yield of 
glish country tar : — 

London. Country. 

Ammoniacal water 4*5 percent* 4 per cent. 

Total light oils 2-4 „ „ 3 „ „ 

Carbolic and creosote oils ,. 20*3 „ „ 22 „ „ 

Anthracene oils .. .. .. 15*0 „ „ 4 „ „ 

Pitch (grams per 100 C.C.) .. 59*9 „ ^ 67 „ „ 

102*1 100 

In the above assay the total light oils were collected 
;ether, but in practice, on the large scale, the distillate is 
lerally divided into two fractions, which are known as 
irst light oils " and " second light oils." When they are 
b collected separately, the fraction is known as "crude 
phtha " or " Hght oil." 

The crude naphtha is generally re-distilled without any 
evious chemical treatment, the resultant distillate being 
lown as " once run naphtha " and " last runnings." 

On the large scale, once run naphtha, before being re- 
stilled, is purified by treating it with sulphuric acid of 
). gr. 1 * 845. By this means the hydrocarbons of the 
liylene and crotonylene series are removed, as well as some 
' the higher homologues of benzene. A further treatment 
ith caustic soda eliminates phenols and other bodies having 
• acid character. The oil is afterwards washed with water 
d again distilled. 

XL Fractional Distillation. 

BectificcUion of Benzene. 

133. It is often possible to separate almost completely, by 
Bimple distillation, two liquids occurring together in a 
^ture, when their boiling points lie widely apart. The 
:>re volatile liquid first passes over, the temperature sud- 
nly rises, and the higher-boiling liquid distils. It is 
berwise when we have a liquid con^ting oi a imsX?Q;t^ ^1 



I 



bodies boiling very near each other, espeDiaUy in then 
homologouB compounds such as occur in petroleum and 
tar naphtha ; one distillation only eflftcts a very impei 
separation; a portion of the lees volatile liquid is 
over by the vapour of the more Tolatile substance, 
t«miterature rieing throughout the distillation. InordBi; 
effect separation of the eeveral sabatances in a case of tl 
kind, recourse is had to the method of fractional distillatio 
It will be evident that if the vapours arising from a miitn 
of boiling liquids are somewhat cooled before reaching t 
condenser proper, (he legt volalile portion, carried upwards* 
the vapour of the wore volatile liquid, will be 
condensed. If this is permitted to flow back into the rel 
only the lower boiling portion passes into the condenser, 
the separatiun is consequently more rapid and effective. 

In order to carry out this partial condensation during t! 
process of distillation, several forms of apparatus have beB 
devised. 

A very cheap and effective apparatus is that of Hemps 
which consists of a long glass tube contaiuini 
ids, or pieces of broken glass, Pi 
Fig. 49 shows the apparatus of Le Bel &n 
Henninger for the same purpose; this form 
appttratuB has side lubes down which the a 
densed liquid flows. At the narrow parla 
the tube a, b, c, d, are fixed small cups of w 
gauze. Little pools of condensed liquid fo: 
Fig is '"^ these cups, and this liqnid may he said 
wash the vapour passing upwards ; in fact, 
process of fractionating is carried on in these cups by ( 
ascending vapours. 

In carrying out a fractional distillation, the apparatus 
arranged as in Fig. 50. 

The flask is heated over wire gauze, or, in the esse 
■ery volatile liquid, in a water-bath. 

If wire gauze is used, the Wtnet abould be placed in 
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tin basin containing sand, in order to absorb the liquid 
e event of the flask or retort cracking. The frao- 
ing bulb or tube is fitted with a thermo- 
', the bulb of which is well below the 
;ube. A number of clean dry flasks or 
!S, fitted with corks and havinj^ labels 
led, are required for recording the boiling 
of the fraction. 

e will show the method of applying this 
[pie in the rectification of a sample of 
>ne. 

'0 c.c. of the sample of benzene are in- 
ced into an 8-oz. flask ; a spiral of plati- 
wire or two or three pieces of broken pipe 
are added, in order that the liquid may 
without bumping. The flask is connected 
) condenser by means of the fractionating 




¥iQ, 49. 




Fig. 50 



•atns, and heat so applied to the flask that the dig- 
3 comes over into the receiver in drops; it mubt 
e allowed to come over in a coiitin\io\iB bIt^^lTcl. TVi'^ 
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indications of the thermometer must he carefoUj watdrad 
and n"U:«L and the distillate between eTeij fi^e d^reei 
oAi*:ct^\ in separate flaska. 

The«e different fractions are then redistnied in oider, 
a-idiri^ the next to the lesidne of the preTions one in th« 
distilling fla«k. The portions bulling below 85° C. and 
abjTe 100^ being collected between every two or three 
degrees. The fractions below 85^ and above 105° aie re- 
distilled as before and collected between eTerj two degrees. 



A. 

7l'S-i4-C. 




c 


a E. F. 6. 


BeBidiE 


19 cc. 


53 CC. 


26 cc. 


15 CC 13 cc ■ 17 cc 21 cc 

1 


33cje. 




A', 
below 7».°. 


B'. 




85-105P. 


106-108P. 




Beflkiofc 


A 


5cx. 














Added 
















B 




42 cc 


(10 c.c») 










Added 
















c 






(9 cc») 










Added 
















DE 








50 cc. 








Added 
















F 










(11 cc») 




. 


Added 
















G 












22 cc 


42c.ft 


*Befrao- 
















tioned 
















C 




12 cc. 


7 CO. 










E' 










6c.c. 


5 cc. 






5 C.C. 


54 cc 


7 cc. 


50 cc. 


6 cc 


27 cc 


42 OA 



The fraction 79-81° C, which is nearly pure benzene, can be foithrf 
purified by freezing, pressing, and redistilling. 



a fonnd that by repeating the procesa the liquid is 
pially separated iuto two large, fractions, consisting 

ieSy of benzene and tolueoe, and a number of smaller 

termediute frautions. 
The table by Dr. Cohen on page 206 gives the voliime ia 

i. and the boiling points of the fraclions obtained by this 

ethod from 200 c,c. 60 per cent, benzene, each table 

inoting a complete series of fractionations. 



PXII. Determikation ok tue Specific Gravity 
OF Gas. 

134. This may be most conveniently performed by a 
lethod devised by Mr. Greville Williams, F.E.S., a descrip- 
ionofwhich appeared in the TransactioEB of the Gas Institute 
or 1882. The following is taken from the abovo mentioned 
onroBL — 

"The specific gravity of a gas may be defined as the 
comparative weights of equal volumes of air and the gas 
inder the same conditions as to temperature and pressure. 
iVhether the gas should be dried or not before its density 
•e taken is a matter of no importance aa regarda the present 
*per, I, however, invariably weigh the gas and air in 
n absolutely dry state. It is quite unnecessaiy for me 
describe the pioceasea devised by Regnault, Bunaen, and 
'tbers, as I have already done so very fully in Watt's 
Dioiionary of Chemistry,' and in my 'Handbook of 
/hemioal Manipulation.' ■ . . The sole object of this paper 
9 to show that, by a simplo modification of well-known 
iwesses, and without the use of an air pump, an accuracy 
Wy be obtained which leaves nothing to be desired for 
Bchnical purposes ; and the formula given for the calcula- 
iona, which is of the utmost possible simplicity, does not 
utroduce an error of any importance. 

,"If, however, n" ' ' * ■'esired, the correctiont 

iioned fur* A.b viWa IVe 



inethod desctibod by Banister," only a globe with two sb 
oooks ia used, wliiob U repreBented in Fig. 51, one-quart 
the HOtual size. lostcacl, however, of weighing the Iralloci 
aa Banister Oirects, against weights, I weigh againiit a: 
balloon of as near as possible the same size, but a 
lightor — a device very gouerally adopted in the detarmii 
tion of spai-ific gravities of gases and vapours. 

" The determination of the specific gravity of a gaa is) 
no means a diffioult operation ; but, nevertlielees, to ubts 
accurate results, attention must bo paid to the minnti 
precaulioDB, the neglect of anj' one being fatal to s 
In the first place, the balance should be of tile 
class ; both planes and edges must be of agate 
crystal ; and it should distinclly indicate one deci-ni 
gramme with the globe and its counterpoise hanging fi 
the beam. If this be the case, the capacity of the globe m 
not be greater than 400 cubic centiiaetres, 

" The usual methods employed involve exhaustion C 
the balloon by the air pump, either at each experiment, m 
as with Letheby's, a preliminary exhaustion, which s 
once for all. By the method here described, not only 
no exhaustion required, but all corrections are avoided \ 
the simple device of selecting a day when the barometer: 
ateody, and working in a room where the temparatore « 
be made I he same when the globe is weighed with air i 
when it is weighed with gas. Both these conditions, I & 
can be readily ubtained in practice. 

" The room in which I worked formed the centre one i 
a series of three, and had no doors ; uotwithetandiDg tl 
by means of a gas stove, I found it easy to regulate ti 
temperature to 0'2 of a degree centigrade. K the i 
be too cold, the heat may be raised ; if it be too hot, oc 
air may be introduced by the ordinary means employed t 
ventilation. By working in thio way, it will be aean tT 

• ' Gaa Manipulatiiiii,' Bauittec ami Sugg, pp. 18, 19, M- 
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the air and the gas may be weighed under the same con- 
ilitions of temperature and pressure. It is proper, however, 
bo remark that the air must be rendered absolatelj free from 
carbonic anhydride and moisture. For this purpose it was 
.irawn slowly through one bottle of potassium hydrate 
solution, two of snlphnric acid, six U-tnbes of very active 
soda-lime, and four U-tubes of calcic chloride, before entering 
the globe. One XJ-tabe of calcic chloride was placed, as a 
guard, after the globe. 

" The drawing through of the air is effected by means of 
an aspirator, and the current is kept up until every trace 
of any gas previously experimented on is removed ; this 




Fig. 51. Fig. 52. 

may be known by the balloon remaining constant in weight. 
When this is arrived at, and the temperature at which it is 
desired to make the experiment attained (and which should 
be as near as possible the average of the room), the tube 
attached to the aspirator is to be slipped off, and the tap of 
the globe on that side closed, and then the other tap. The 
balloon, having been carefully wiped with a clean chamois 
leather, or a soft silk handkerchief kept for that purpose, 
is to be hung on the balance by a stirrup of platinum 
wire, as represented in Fig. 51. The counterpoise, Fig. 62, 
is also to be hung on the balance by the glass hook. The 
counterpoise being somewhat lighter ^ a 

very few grammes will be required tr 
librium. 
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" Having atljiiBted the last deci-inilligramme, by meane rf 
the rider apparatus, the lialltKm ia to be left for five minute^ 
and the weight taken again ; the last weight is to be oaUe 
' weight of balluon and air.' The balloon is then to b 
attached to a tube evolving the gas, which is to be p 
(.lowly through six TJ-tubea of Boda lime, to remove the lu 
traces of carbonic acid, and four of calcic cbluride, for oM 
hour ; a guard tube, as before, being employed at the enii 
The tap nest the gas supply is to be turned off first, th» 
other immediately after ; the balloon is then to Im weigba 
with the saine precautions as were taken with air, 
well, in a first esperiment, to aend the gas a second tinw 
through the globe for another half hour ; when, if it b 
found that the globe has not diminished in weight, itiB,Ot 
course, certain that all the air has been expelled. The Ui( 
weight is to be entered in the laboratory book as ' weight w 
balloon and gas.' 

"From this time a specific gravity maybe detemuMB 
every hour without reweighing the balloon andair, aaloB 
as the barometer and thermometer remain the same. Tbs 
weights of the balloon and air at various barometric pr» 
Eures and temperatures should be tabulated, as when t] 
pressure and temperature occur again, the previouB deft 
uiination of weight of air will render another one annea 

" It is obvious that the temperature of the room in v 
will be different to that in summer, but this wiU have i 
effect upon the result, as all that is necessary is that ib 
temperature should be the same when both gas and air U 



" Caro must be taken that the calcic chloride and Bote 
lime are renewed, at proper intervals. 

" In order to subject the process to the severest posoM 
test, I made some determinations of the specific gra^ft 
of hydrogen in the globe, Fig, 51, having a capacity < 
443 cubic centimetres. The B\>fei;i6.c gravity of hydrogS 
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eing only 0'0693, it will be seen that an error of only O'Ol 
i very conspicuous. In four experiments, the following 
alues were obtained : — 



No. 


p. 

Grammes. 


V. 

C.C. 


T. 
0. 


«< 


D. 


Theory. 


Difference. 


I. 
II. 

in. 

IV. 


0-5038 
0-5045 
0-5020 
0-5040 


443 
443 
443 
443 


Deg. 
16 
14 
16 
16 


0-001221 
0-001230 
0-001221 
0-001221 


0-0685 
0-07412 
0-07192 
0-0682 


0-06930 
0-06930 
0-06930 
0-06930 


-0-0008 
+0-00482 
+0-00262 
-0-0011 



Mean. 
0-0707 



Theory. 
0-0693 



Difference. 
+0-0014 



'' If all the corrections are made, the mean density be- 
comes a little higher, but even then the error is only 0' 0126, 
vhich is well within the limits laid down at starting. 
3unsen's standard experiments with his apparatus gave 
)-079; difference 0-010. 

" In the above table, P is the difference between the 
freight of the balloon and air, and the balloon and gas, in 
^ammes. V is the capacity of the balloon in cubic centi- 
Dietres ; T the temperature, centigrade ; n^ the weight of 
me cubic centimetre of air at T ; D the experimental specific 
^vity. As care has been taken that the barometer shall 
not vary during the experiment, it does not enter into the 
formula, which for gases lighter than air is — 



D = 



_ V», - P 



Vn, 



" The value of w< may, when extreme exactitude is not 
required, be taken direct from the following table ; other- 
wise w< should be corrected for the elastic force of the 
atmosphere at the time of the experiment, as the table is 
calculated for a barometric pressure of 760 mm., or 29*92^ 

inches. 

^ 1 
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Table fob the Calculation op n,. 



Temp. 



1 :k>-8 

3o0 
37-4 

3y-2 

410 

42-8 
440 
46-4 
48-2 
500 



*> 

3 
4 
5 

i 

8 



10 



Gmnmes. 



0-001288 
0001-284 
-001279 
0- 001275 
001270 
0- 001-266 
0-lKn-26l 
0-001-257 
0-001252 
0-001-248 



Temp. 



a = F. 



W/ 


1 

Temp. 


Grammes. 


C. 


F. 



n 



IHR. 
11 

12 

13 

14 

J5 

16 

17 

18 

19 

20 



I»eg. 

51-8 
I 53-6 
i 55-4 
: 57-2 

59-0 
' 60-8 
I 62-6 
; 64-4 
I 66-2 
I 68-0 



: 0-001243 

0-001239 

0-001234 

I 0-001230 

0-001225 

I 0-0012-21 

! 0-001217 

I 0-001213 

' 0-001209 

0-001205 



I)eg. 


!>««. 


21 


69-8 


22 


71-6 


23 


73-4 


24 


75-2 


25 


77-0 


26 


78-8 


27 


80-6 


28 


82-4 


29 


84-2 


30 


86-0 



Grammes. 



0' 001201 
0- 001197 
0-001193 
O-O0II89 
0-001185 
0-001181 
0-001177 
0-001173 
0-001169 
0-001165 



" It is as well to repeat that the flow of a light gas should 
be continued until the balloon ceases to lose weight; and if 
the gas be heavier than air, until it ceases to gain in weight 

** The following nnmbers were obtained in the determina- 
tion of the density of carbonic anhydride : — 



No. 


P. ' V. 
Grammes, j c.c | 


T. 
C 


««. 


D. 


Theory. 


Difference. 


I. 
II. 


0-2833 ' 443 
0-2855 ! 443 

1 


17^ 
17° 


' 0-001217 

1 0-001217 

! 


1-5254 
1-5295 


1-5224 
1-5224 


+ 0030 
+ 0-0071 




Mean. 
1-5274 




Theory. 

1-52-24 


D 

+ 


ifference. 
0-0050 





" The gas being heavier than air, the formala becomes 

*' In conclusion, it may be said that, if the method above 
given be carefully carried out, the specific gravity of coal 
or any other gas, of which a cubic foot or two can be spared, 
may be readily and accurately determined, without the use of 
an air-pump." 
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PAET V. 

TECHNICAL GAS ANALYSIS. 

Introffudion. 

The measurement of gases, and the qnantitative analysis of 
^seons mixtures, involve special methods and constitute a 
ipecial branch of chemical analysis, frequently involving; the 
ise of special apparatus. Further, when dealing with the 
dnme of a gas, special corrections and calculations are 
requently required in order to arrive at comparative results. 
?he8e corrections are necessitated by the very considerable 
ffect which changes of temperature and pressure, and 
m^ount of moisture, exert upon the volume of a gas. 

The most exact methods of gas analysis necessitate the 
ise of mercury as the confining liquid, and also require a 
ery considerable amount of manipulative skill on the part 
f the operator. They further involve the expenditure of a 
onsiderable amount of time, and in addition, require very 
xpensive apparatus; consequently such methods are not 
dapted to the every-day requirements of a gasworks. For 
uch requirements, something involving less time and care, 
ven at the sacrifice of a slight d^ree of accuracy, is neces- 
ary. These conditions are complied with in a number of 
lesigns for apparatus for Technical Gas Analysis lately 
Levised; amongst them, those of Hempel and Bonte are 
ipecially adapted for use v 



3^ Measurement of Gates. 

135. The Tolume of a gas can be foQud directly or in- 
directly ; it is eetimated either Tolnmetrically, by titratiaii, 
or grttTimetri rally. The quantity found is in all casw 
expressed in per cent. 1>y volume. The volume of a gu is 
inflaenoed by pressure, temperature, and the tension if tbe 
liquid over wLich it is measured. 

Gases are measured in their oondition at the time at 
which the mea-iurement is made, that ia at the pressure of 
the air as indicated by the barometer, and at the tempen- 
tnre as indicated by the theimometer. As water, i 
case of technical gas analysis, is used as the trapping liquid, 
(be gas is always in a state of complete saturation with 
moisture. 

From the above remarts it will, be seen that the condi- 
tions under which gases are measured may be very difierent, 
and may vary during the progress of an analysis even fTon 
one observation to another. Every such change, unless duly 
taken notice of, might introduce very considerable errors. 
It is consequently necessary, in many cases, to make a correc- 
tion, which conaiate in reducing the volume of gas, whidi 
ia measured under known but varying conditions, to the 
volume which it would measure at the normal barome- 
tric pressure of 760 miUimetrea, at the normal temp»i»^ 
ture of 0° C, and in tbe dry state. Gases, when redu™ 
to these standard conditions, are said to bain their doitmI 
state. 

136. The reduction of the volume of a gas to the n( 
state is made by the aid of a formula baaed on the fbllowii^ 

(1) PrcMure. — According to Boyle's law the volnnw 
gas is in inverse proportion to the pressure to whid 
gulijectei. 
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Coi^eqaeudy, if 

e = the otMerred Tolome of the gas, 
Vp - the volume of the gas at 760 mm. pT«88nre. 
p = the ohserved barometric pre^nre, 

(2) Teaperature. — A gas expands by oDe-273rd 
(= 0-003665) of its volame, for each degree centigrade rise 
in ita temperatoreL Therefore, if 

e = the ohserved volume of the gas, 
Vg = its volume when reduced to 0° (i, 
( = the observed temperature. 



• (, - 273 + i " 1 + 0-003665 x * 

(3) Correetitmfor Moi*ttire. — When a gas is saturated with 
moisture by contact with water, under the same conditions 
)f temperature and pressure, it always contains the same 
l^uantity of moisture. This water vapour mingled with the 
fas exerts a certain pressure, which is commonly termed the 
fusion of aqueous vapour, and increases with the tempera- 
lure. It is neuuUy expressed in millimetres of meroury, and 
aas been accurately determined for each degree of tempera- 
:are (see Table in Appendix). It is necessary to deduct the 
areasure due to the tension of aqueous vapour from the baro- 
metric presBore. 

ThuB if u) ia the tension of aqueous vapour in a volume 
>f gas under pressure p, the true pressure on the gas 
= (j> — uj). Tile three preceding coiTectiuuH aro embraood 
n the following formulte, in wliioli V ropreeiints the volume 
}f the gas oonsotQ^jMklMnue and tenipcniture, and for 
noisturoifni 
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_ . „ rp-tr)x273 xr 

For a moist gas A = j^o (273 + /) 

_ ( ;> - I f) XV 
760 (1 + 003665 1) ' 

137. Onlv those volnmee can be directly compared with 
•:ine another, that have been reduced to equal pressure and 
temperature, the tension of the confining liquid being also 
allowed for. Parallel gas measurements can be carried on as 



nnder- 



(1) Varying preesore, varying temperature, and varying 
volume. 

(2) Constant pressure, constant temperature, and varying 
volume. 

(3) Constant temperature, varying pressure, and constant 
volume. 

(4) Constant pressure, varying temperature, and vary- 
ing volume. 

In the first case, the gas volumes found must be reduced 
to like temperature and pressure. In the second and third, 
the resulting volumes can be directly compared since density 
and pressure are directly proportional. 

The reductions of the volumes of gases to the normal 
state, may be omitted in analyses v^rhich are performed 
rapidly, as material changes of pressure and temperature are 
not likely to be then experienced ; also in cases in v^hiclionly 
approximately con-ect results are required. 

Calibration of Measuring Tubes. 

138. The graduations of measuring tubes for gases 
represent either absolute cubic centimetres, and fractions of 
cubic centimetres capacity, or millimetres length on the 
tube. 

In the latter case, it vrill be necessary to determine the 
value of the graduations in terms of cubic centimetres. 
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Since glass tubes always vary in diameter in different parts 
throughout their length, it follows that equal lengths on 
different parts of a graduated tube do not correspond to 
equal capacities; it is necessary, therefore, te calibrate a 
measuring tube throughout its length. The two liquids 
commonly used for calibrating tubes are mercury and water. 

Calibration of the Hempel Burette. 

139. In this form of tube the gas is measured over water, 
consequently it is advisable to calibrate it by means of that 
liquid. 

The measuring tube, Fig. 53, is disconnected from the pres- 
sure tube, and has then attached to its lower end, by means of 
a piece of india-rubber tubing, a glass tube about four inches 
long,- with the end drawn out into a fine jet, and having a 
stop-cock in the centre. The stop-cock and tube must be 
firmly attached to the measuring tube by tightly binding 
the india-rubber tubing with thin copper wire, the glass ends 
butting against one another within the joint. The jet should 
be bent in a downward direction, so as to deliver the water 
drawn off, into a vessel placed beneath it. The measuring 
tube and stop-cock tube are completely filled with distilled 
water at the temperature of the room, which should be care- 
fully noted. All air-bubbles must be excluded. 

Successive portions of water, of 5 c.c. each, are then 
drawn off into a stoppered weighing bottle and weighed, the 
weight of water corresponding to each reading on the tube, 
being noted, and the bottle carefully dried between each 
weighing. The weight of water is then calculated into ab- 
solute volume, by applying the correction for the expansion 
of water given in the Table in the Appendix. 

For example, if the first 5 cCr woinrhp^ 4*92 grams at 
17° C, its absolute volume wr '^OlOl = 

4-925 C.C. 

When the top of 's 



ly 



'V 






IV. 



•J 



^Hbr 





V\a. ^'^« 



TECHNICAL GAS ANALYSIS. 219 

isable to draw off smaller volumes of water than 6 c.c, 

he measuring tube is to he used for small volumes of gas. 

In all measurements in which water and similar liquids 

employed, it is necessary that a certain time elapse for 

liquid to drain down the sides of the measuring-tube 

ore taking a reading. The time will vary from about 30 

onds to five minutes according to the liquid employed. 

an average, however, about two minutes will be found 

ficient. 

Gas Analysis by means of Hempel's Gas Apparatus, 

140. The absorption of a gaseous constituent is frequently 
i carried out in the measuring tube itself, but in a separate 
sel which serves for holding the absorbing liquid, and for 
nging the gas into contact with it after being measured, 
len the absorption has been completed, the remaining gas 
igain carried over into the measuring tube, and its volume 
read off. The volume of the gas absorbed follows from 
i difference of the two readings. This process admits of 
Droughly utilising the absorbent, and dispenses with 
ishing out the measuring tube after each estimation. 

Hempel's apparatus is based upon the above principle, 
d consists of two portions ; the burette, or measuring vessel, 
d the pipette or absorption vessel. 

141. The gas burette is shown in Fig. 53. 

It consists of two glass tubes, a and h, which are cemented 
io slots in semicircular weighted wooden feet, and are con- 
3ted by about a yard of thin india-rubber tubing. To 
militate the cleaning of the burette, this india-rubber tube 
iivided in the centre, and the two ends are joined by a 
oe of glass tubing. Inside the feet, the tubes a and h are 
it at right angles, and conically drawn out. The project- 
Kaends are of about 4 mil ^s external diameter, and 

[gated, to enabl' libber connecting tube to 

• attached } thin coij^x ^x^. T^^ 



p 
f 



meaBuring tiilie b, terminates at the top in a thick-n^lel 
capillary tiil>e c, of &om ^ to 1 millimetre intemnl diHrneter,. 
and about 3 centimetres long. Over tMs a short piece of na» 
black india-rubber tnbing is firmly fastened on by means of 
thin eO|)per wire. The iudia-ruliber tube is closed by mean* 
of a strong bruss pinch-cock wljicli is plucetl close to the enil 
of the capillary tube. The pinch-cock is always taken off 
from the india-rubber tube after using, as this helpa to keep 
the latter in good condition. Notwithstanding the fact that 
readings cannot be made under the rubber tube, and tliat the 
pinch-oock cannot always he put on above |the Inbe in ex- 
actly the sHme [Jositiun, no practical error arises, since the 
glass tube c is so sinal] in diameter. Hempel found tlitt 
the dilTereuces in volume are much less than -^ c.c, a vsri»- 
tion which, in determination b not made over memury, m»y 
be entirely disregarded. The graduated measuring tube i, 
contains 100 cc. the lowest mark being slightly above the 
wooden foot. The oubJc centimetres are divided into fifths, 
and the numbers run both up and down. The tube a, which 
may be called the level or pressure tube, is not gradiuited, 
and is somewhat widened at the upper end A, to facilitate the 
pouring in of liquids. 

Manipulation of Ihe Gas Barette. 

142. Fill the tubes a and 6 with water, tiking care ta 
drive all air out of the connecting rubber tube by anitab^ 
raising or lowering the tubea ; then join the measuring 
to the gas supply by means of a glass or rublmr tube 
taining water (this connecting tube can be easily filled 
water by raising the pressure tube). To till the bn 
with the gaa to bo examined, grasp the tube a in the 
hand, close the rubber tube at e by pressing it between 
little finger and the palm of the hand, and pour out th 
water in o. 

Dace tho pressure tiibo on the floorj and open tlie pincll 
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x5ock /. The water will now flow into the pressure tube and 
the gas will be drawn into the measnring tube. When the 
latter is filled with the gas, close the pinch-cock/, disconnect 
h from the gas supply, and, after the liquid has run down 
•the walls of the Imrette, take up the tubes by their wooden 
feet, and by raising or lowering, bring the water in the 
tubes to the same level. The gas is now under the pressure 
of the atmosphere, and its volume is read off. To measure 
off exactly 100 c.c, bring rather more than 100 c.c. of the gas 
into the burette, close the latter with its pinch-cock, and let 
the water run down. Now compress the gas to less than 
100 c.c. by raising the pressure tube, close the rubber tube at 
g with the thumb and first finger of the left hand, set the 
pressure tube on the table, and raising the burette in the 
right hand to the level of the eye, carefully open the rubber 
tube, and let the water run back until the meniscus stands 
at the 100 c.c. mark. Keeping the rubber tube still com- 
pressed, open the pinch-cock for a moment. The excess of 
gas will escape, and there remains in the burette exactly 
100 c.c. of gas under atmospheric pressure. 

143. The next portion of Hempel's apparatus is the 
absorption pipette, which is used in connection with the 
burette or measuring tube. By using a series of these 
pipettes, a gaseous mixture can be submitted to the succes- 
sive action of suitable absorbent reagents, and the pro- 
portions of the constituent gases thus ascertained. 

The " simple absorption pipette " is shown in Fig. 54. It 
consists of two large bulbs c and d, joined together as shown, 
and of a thick-walled glass tube a, bent as in the figure, 
called the capillary tube. The bulb c holds about 160 c.c, 
and the bulb d about 100 c.c, so that when 100 c.c of gas 
is brought into c sufficient space for the absorbing liquid will 
remain. To protect the pipette from being broken and to 
facilitate manipulation it ' ^ooden stand. 

A short x^ieoe of indi* "^ans of 

thin copper, wife be. 
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Behind the latter a white porcelain Boale is fixed for the 
purpose of reading off the height of the thread of liquid 
in the capillary tube when the pipette is in use. 

Another form of absorption pipette is shown in Fig. 65. 
The bulb (c) is cylindrical in form, and is tubulated below 
for the purpose of admitting a solid absorbent. 




Fig. 54. 



Double Absorption Pipette, 

144. Reagents which are acted upon by oxygen, i.e. 
potassium pyrogallate, cuprous chloride, &c., cannot of course 
be kept in the pipettes just described, since the reagents in 
the same would become inactive in a short time through 
contact with the air, consequently when using such reagents, 
it is necessary to employ the " double absorption pipette," 
Fig. 56. This pipette peraiita ^"e^-vxa^ Qi^Js^^T^-^'^-ois men- 
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tioned under an easily movable atmosphere which is free 
from oxygen, and the reagent employed may be kept com- 
pletely saturated with those constituents of the gas that it 
does not strongly absorb, this being a great advantage. The 
pipette consists of the large glass bulb a, of about 150 c.c. 
capacity, and three smaller bulbs, b, c, and d, each containing 
only 100 c.c. They are connected by the bent tubes e, /, 
and gj and end in the bent capillary tube Jc. A little water 
is poured into the bulbs c and d. 




Fig. 55. 



145. In the simple absorption pipette, the bulb c is com- 
pletely filled with the absorbing liquid, which reaches into 
the syphon bend of the capillary tube, whilst the bulb d 
remains almost empty. The pipette is filled by pouring the 
liquid reagent into the wide tube attached to d and sucking 
the air out of c by the capillary tube. 

146. Double absorption pipettes are filled through the 
capillary tube fixed on to the bulb a, by connecting the india- 
rubber tube fixed to its end with a funnel tube, about 3 feet 
lon^, through which the absorbing liqai^LiR^ww:^^, 
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Fig. 5o. 

aW; Tiiiwt U^ saturated, by shaking with the gases which are 
but hli;^htly fKjluble in it. The satoration of liquids is most 
conveniently effected in a flask half filled with the liquid, * 
ra[)id Htrojim of gas being led through the liquid, and the 
flask vigorously shaken. If the reagents in the absorption 
pil)ottes are at the temperature of the room, as can easily he 
uMoertained by placing a thermometer at i. Fig. 56, the 
analysis is started by aspirating the gas into the measuring 
tube (AH already described. It will be found convenient to 
take exactly U)() c.o. so that the results may be read off 
directly in percentages. 
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apparatns is tlien arranged aa in Fig. 67. The 
is placed on the wooden stand G, and ia oonneoted 
a boretta hj the capillary tnbe F, which is a piece of 




thermometer tubing of about 0'5 miUimetre intersiil dia- 
meter. To avoid the enclosing of air bubbles, the rubber 
tube d is first filled with water by means of a capilla7 
funnel, and the CHpillary F is then introduced ; F ia thia 
completely filled with water. The rubber tube i of the 
pipette is squeezed between the thumb and the first finger of 
the right hand, and while thus coinpresaed and free &om air, 
the capillary connecting tube is inserted. 

Upon raising the pressure tube a, and opening the pinoli- 
cock, the gas passes through the connecting tube into tlw 
absorption pipette. Any small air bubbles which may Iwtb 
been enclosed when F was inserted into t, are, at the begin- 
ning, separated ttom the gas by the water in F. If then 
bubbles do not take up more than 5 to 10 mm. space in tlie 
capillary tube of the pipette they may be neglected, since thB 
error arising therefrom is only about 0-03 cubic centimette. 
If the bubbles are larger, although with a little deiterily thii 
may always be avoided, the gas is brought back into ths: 
burette hy lowering the pressure tube and the opeiationii 
repeated. When the gas has passed over into the pipette, 
about i c.c. of water is iiliowed to follow, this water serving 
to rinse the capillary tube, and to free it sufficiently from the 
absorbing liquid which it previously cuntained. The gas it 
now enclot-ed between two columns <if liquid, the absorbent 
on the one side, and the water in the capillary on the other. 
Ttie burette having been closed by the pinoh-cock, tke 
pipette is disconnected and shaken, and the absorption of tlw 
gas thus etiected. 

The burette and pipette are then reoonneoted, the pM»- 
Bure tube is placed on the floor, and the gas is brought baok 
into the burette, care being taken that the absorbing liquid, 
does not pass farther than the connecting capillary ~" ~ 
pinch-cock is closed, the pipette removed, and the reading of , 
the rumaiuing volume is made as before described. 

The raanipnlation of the pipettes filled with aolidi 
absorbenis is simpler still, for in this case no shaking 
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necestory, because of the large amount of sur&ce contact, 
between the solid and the gas. 

148. A separate pipette is used for eacb absorbent. After 
using, the pipettes are closed at % with a piece of glass rod, 
and at k with a small cork. 

149. In order to obtain good results with the above 
apparatus, it is necessary to watch that the apparatus and 
reagents do not change in temperature during the progress 
of an analysis. A rise of temperature of 1° would cause an 
error of • 3 per cent, in a total volume of 100 c.c. 

It is also of importance that the confining liquids be 
allowed to flow down from the walls of the burette in exactly 
the same manner after each absorption, otherv^ise an error 
may be caused by the adhesion of more or less liquid to the 
glass of the instrument. In the case of gases which are 
confined over water, readings which are made one minute 
after the gas has been shaken with water in the burette, 
differ by several tenths of a c.c. from readings made five 
minutes later. Distilled water will run down completely 
in five minutes. 

150. The method of analysing the more common gases 
which have to be dealt with in gasworks by means of 
Hempers apparatus, will now be described. The following 
is a list of the same : — Oxygen, hydrogen, carbonic oxide, 
carbonic anhydride, marsh gas, olefiant gas» 

Oxygen, 

151. This gas is but slightly soluble in water, and is 
determined either by combustion with an excess of hydrogen, 
or by absorption. 

In the combustion with hydrogen, § of the volume 
burned consist of hydrogen, and ^ of oxygen. The volume 
of oxygen present is therefore found by dividing by 3 the 
decrease in volume resulting from the combustion. When 
oxygen is mixed with combustible gases, it is necessary, to 
determine it.bj absorption. 

-1*1 



mkInmIb §tr axfg«D Are a strongly sUudin 
■ rff^it^plfiD acid, or pboe^ihums. 

I pynogAllate is made liy 
Q the abeorption pipette, 
in 15 c-c. of water, uid 
■ ^KBO 

to Bote Oat EHO pnrtfied with alcobol 
. Me» tkis |Cpf«ration even after strong 
^aimamm raalta in the anal; 
1 ikadd Bot !)• oanied on at a 
it kic Imsb otwreA that the potaanam 
r ^^mjAm a veiy mnch less active tt : 

rc 

Bt a li»i|wnlHie of] 5° C, or higbsl^ 

n be nmoved itith certainty 

hf ■hiVing with the solntion of potu^ 

«h3ft at knra- temperatnres the abeorptktt 
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IS9L 1b ladu to pt^ai« phoephoms in the neeemaif 
ck Iwto ftr «n IB oxygen determinations, it ia melted 
4* MitM. IB B t M* t »he ^aoed in a water-bath. Enoi 
I laed to fbsm b cohimn abont six cm. high. 
^am tBbe of two to three mm. inlemil' 
ia tit^ dipped into the molten phoBphonu, the- 
1 of dw tBbe is eleaed with the finger, and the tnb* 
Mt, aad dipped immediately into a tall beaker iiill 
A peraliar movement takes pbice in the phoe- 
tdoced in the tnbe at the moment when it sotidifiM, 
i once the phoephoms ttndergoes a marked decTMse of 
ToloDie when it becomes solid, the stick npnally falls out of 
the tube npon gentle teppiog ; if it sticks, it can easily In 
pushed ont with a wire. 

Phospboros sticks, as tins prepared, are used in i 
absorptibn pipette. Fig. Bo. The cylindrical part is filW 
fiill as poGsiblo with the sticks, the remaining B|iace heinl 
iiJIed with distilled vf&tet. In oiAei ia make an abeorptuffl 
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irith this reagent, the gae ia driven over into the pipette, 
Jiereby displacing the water, and coming into contact with 
the moist sticks of phosphorua. A bright giow is visihle 
ffheo the reaction proceeds normally ; ttie phosphorus bums 
to phosphoric acid, phosphorous acid, &c., at the expense of 
the oxygen. 

After three minutes at the longest the absorption is com- 
plete. The end of the absorption is sharply ehowo by the 
iiaappearancQ of the glow, when the pipette is in a dark 
room. 

Sinoe the different products resulting from the oxidation 
yf pbosphorns are all soluble in water, the surface of the 
sticks of phosphorus is kept fresh by the action of the con- 
Suing water alone, if that be renewed from time to time. 
And, further, since these oxidation products, as solid and 
Liquid substances, have a very small tension, no error is 
oauaed by the white cloud which may be present in the gas 
residae after the absoiption. The phosphorus can bo used 
for a very large number of analyses, if it is protected from 
the action of the light. To do this, the cylindrical part of 
the pipette is covered with a small box, or the whole pipette 
\a covered, when not in use, by a box of wood or cardboard 
which is impervious to the light. 

154. Unfortunately this neat and accurate method is not 
DniversaUy applicable ; the following are tbe conditions 
Qoder which it can be used. The percentage of oxygen in 
the gas must not be more than 50 ; and the gas must be free 
from ammonia, defiant gas, and other hydrocarbons. Cou- 
Dequently in gaseous mixtures such as coal gas, which 
contain defiant gas, the phosphorus method would not be 
applicable unless the hydrocarbons were first removed. 

K Mydrogen, 

P 156. Hydrogen can be dotermined with great accuracy 
ay burning with oxygen. The oxygen may be used mixed 
with nitrogen (atmoephenc air), or pure ox.'^'^^ii. "saa&.t. "^-M- 
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retorts blown from b glass tuLe, as proposed by Bnssen, miy 
be emplojed. These retorts are half filled with dried and 
powdered chlorate of potash, and the endof the delivery tube 
la heated and bent in an upward direction. On beating tlie 
bulb of this improvieed retort, the air is firat driven out hya 
rapid evolution of osygen, and the gas is then led directly 
into the endJometor, care being taken that the volume of 
oxygen does not amount to more than three or four times that 
of the hydrogen to be determined. 

The quantity of hydrogen present ia two-thirds of the 
volume disappearing in the combustion. If the mixtnra 
oontaius abBorbable conetitueuta also, theae are 
absorbed, and the residual gas ia then used for the analysis. 

156. When nitrogen ia pnasent, a considerable error may 
be cauaed by not avoiding, in the combustion, tliQ tempera- 
ture at which nitric acid is formed. It is consequently always 
necessary to calculate, after the experiment, the proportion' 
of nitrogen to the oiy hydrogen gas burned. If this waf 
than six to one, the analysis must be repeated, with the, 
addition of so much air that this proportion, or a still greater 
amount of nitrogen will be present. 

If, on the other hand, the proportion of hydrogen i 
incombustible gas ia very small, such an amount of eleotriM 
lytic oxyhydrogen gaa is added that complete combuBtiom 
vrill result. The oxyhydrogen gas disappears completely (HH 
the combustion, and hence need not he exactly measured, 

157. An accurately measured amount of pure hydrogen, 
mixed with an excess of air, may be used instead of thfti 
osyhydrogen gas. The contraction reanltiag from thd 
hydrogen added must then he allowed for. The combuatioi 
is made either in the explosion pipette, Fig. 5B, by ignitioa 
with an electric spark, or in a, glass tube filled with palladinnl 
black, or palladium sponge. The advant^e of the combust 
tion with palladium is, that in a mixture of hydrogen, marslt 
gas, and nitrogen, the hydrogen alone may he burned; thU 
is Jrnown aa fjactional uombnation. 
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158. The arrangement of the apparatus for carrying out 
the reaction (fractional combustion) is shown in Fig. 59. 
The gas burette A and the gas pipette B are joined together 
by means of the capillary tubes E^ and the tube H. This 
tube H is of about four mm. internal diameter and 20 cm. 
total length, and it contains four grams of palladium sponge. 
The gas pipette upon the stand O is filled with water, and 
its only use is so as to render it possible to repeatedly pass 
the gas through the palladium tube. 

159. To determine the amount of hydrogen present in a 




Fig. 58. 



mixture of hydrogen, nitrogen and marsh gas, from which, 
so far as possible, the absorbable constituents have already 
been removed, measure the gas in the burette, join it in the 
manner described to the pipette B, which is filled with water 
nearly to t, place the tube ^ in a large beaker containing 
warm water of from 90° to 100° C, and, after opening the 
pinch-cock (2, drive the gas three times backward and 
forward) through the palladium, by lai&m^ «si4c Vs^^ixsi^^ 
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tube a. Then replace the hot ■water with water of 

I temperature of the room, and lead the gas residue 
Lee backwards and forwards through the tube, in order to 
opletely cool the gae. It i» in thie manner possible to 
lorb with certainty every particle of hydrogen. Upon 
i.'wing the gas so far back into the measuring tube that the 
■fer in the pipette again stands near i, the difference 
iween the two meaauremonts made before and after the 
wrption, corresponds to the hydrogen plus the amount of 
^gen in the air enclosed in the U-tuhe, when the ap- 
ratus waa put together. This air volume, and there- 
th its OKygen contents, may be determined with sufficient 
fcctneas, once for all, by olosing, with a piece of rubber 
sing and glass rod, one side of the tube filled with 
Lladium, cooling tbe tube to about 9° C. by placing it in 
>l water, and then, after connecting it by a capillary ttibe 
"th a gas burette completely filled with water, warming it 

100° C. by placing it in boiling water. The expansion of 
3 enclosed air volume corresponds to a difference of tem- 
rature of 91°, i.e., to a third of the enclosed volume of gas. 

160, The palladium is regenerated after the reaction by 
't leading air over it, whereby it becomes quite hot, 
"Oying any drops of moisture which may collect, bo that 
> palladium may easily be shaken out of the tube in the 
m of a dry powder, and then superficially oxidising the 
tal by heating it on the lid of a platinum crucible. 

161. Before using the palladittm, it should be heated, in 
tions of about one gram at a time, nearly to redness upon 

cover of a platinum crucible, so that it is covered with a 
{er quantity of palladiam oxide than would be formed by 
rely leading air over it. 

The warm water in which tbe tube stands serves in the 
jinning to give the gases the tempei-ature necessary to 
tt the combustion, and at a later stage it prevents the 
toBrature inside the palladium tube being raised too high 
■ I reaction. 



Carbon Monoxide, or Carbonic Oxide (CO). 

1C2. For absorbing CO, either an aramoniacal, ( 
I hydrochloric acid solution of cuprous chloride is used. 

103. The ammoniacat eolution of caproua chloride i> 
pre{)ared by dissolving 10-3 grams of copper oxide in : 
' 200 CO, of concentrated oonimou hydrochloric acid, and tbea 
allowing the solution to stand in a flask of suiiaUe b 

ed as full as possible with copper wire or copper w 
gauze, until the cupric chloride is redaced to aaprmi 
ctiloride, and the Bolution ia completely oolaurless. Tht 
clear hydrochloric acid solution thus prepared is poured int 

large gl»as beaker containing 1|^ to 2 litres of water, t 
order to pi-eoipitatu the cuprous chloride formed. After th* 
precipitate has settled, the dilute HCl is poured off « 
completely as poasiljle. The euprons chloride ia then washed 
into a 250 c.o. flask with about 100 to 160 c.c. of distilW 
'water, and ammonia is led into the solalion, which it 
still slightly acid, until the liquid assumes a pale blw 
colour. Since the tension of very concentrated ammoiUI 
Bolutions renders the absorption difBcult, no more sinmonit 
than ia necessary should be added. While the ammouit il 
being led in, it is advisable lo protect the contents of tl» 
flask from the oxidising influence of the air. This may to 
done by fitting the flask containing tbe cuprous chloride to 
be dissolved with a cork pierced with two holea, throng 
one opening of which passes the delivery tube from liw 
ammonia flask, while through the other hole is inserted » 
bent glass tube which dipa into a little mercury. If afl»A 
with a funnel tube is used for the evolution of NH3, hydropn 
may first be led through this tube, and the apparatus to 
thus completely freed from air. For the evolution of mi- 
monia, abuut 200 c.c. of a concentrated ammonia solution 01 



0*9 sp. gr. ia used. 

The solution of cuprous chloride thus prepared is dilute* 
with water to 200 c.c, au4 biiwe VVu 'B^iV ^s. liot oom^lBleij 



TECHNICAL GAS ANALYSIS. 235 

'^ashed out, there is, of course, some ammonium chloride 
resent. 100 c.c. of this solution contain 7 • 3 grams of cuprous 
bloride ; it is impracticable to use more dilute solutions of 
uprous chloride. 

164. For the preparation of the hydrochloric acid solution 
f cuprous chloride, 86 grams of copper scale are mixed with 
7 grams of copper powder, prepared by reducing copper 
xide with hydrogen, and this mixture is slowly brought 
ato 1086 grams of hydrochloric acid of 1*124 sp. gr. ; while 
lie mixture is being added the vessel containing the HCl 
bould be constantly shaken. A spiral of copper wire 
Baching from the bottom to the neck of the bottle is then 
laced in the solution, and the bottle is closed with an india- 
abber cork. The solution is dark at first, but it becomes 
3mpletely colourless on standing. On contact with the air it 
ssumes a dark brown colour, due to the formation of some 
apric chloride. In the analysis of a mixture containing a 
runber of gases, if CO and H Itre present, the latter being 
etermined by combustion with palladium after the elimina- 
Lon of CO, it will be necessary to use the ammoniacal cuprous 
hloride. If the amount of CO alone is to be ascertained 
he hydrochloric acid solution may be used. These cuprous 
ihloride solutions are used in the double pipette. Fig. 56* 

Solutions of cuprous chloride have not much tension, so 
;hat this may bo disregarded in analyses which are not 
required to be strictly accurate. In exact determinations, 
lowever, the gases which have been in contact with the 
reagent must be freed from the gaseous HCl or from the 
NH3. This can bo effected in the burette itself^ or in a pipette 
Blled with distilled water. 

Carbon Dioxide (COj). 

165. To absorb CO, a solution of caustic potash is used, 
consisting of one part of commercial caustic potash in 
two parts of water. 
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Tliia solution is pat into the eimple pipette for etdid i 
liquid reagents, Fig. 55, tlie cylindrical part being'! 
closely filled with very short rolls of iron wire ganze. 1 
gauze baa a metth of 1 to 2 mm. and the rolls are fi 
1 to 2 cm. long and about 5 mm. thick. When tiie p 
oentage of CO, is not too high, it can be oompletely . 
•Otbed by simply passing the gas once into the pipette. 



c acid, or hf 



Ethylene (OjH^). 

166. Is either absorbed by fuming snlphui 
bromine wafer. 

It ia advisable to nse sulphuric acid eo concentrated tliif 
when the temperature is slightly lowered, crystals of pyw 
aulphurio acid will separate. TbK 
acid is used in a simple pipette pifr 
vided with the three bulbs, Fig. fflV* 
The small bulb is filled at the tin 
of blowing with glass beads, whii 
serve to give to the sulphuric att 
the largoKt possible surface, Wiflt 
this arrangement, the complete aV 
sorption of the heavy hydrocarboniS 
and of ethylene in particular, i 
effected by passing the gas i 
the pipette once only. In this r 
action some 80j is usually formed 
and, further, the vapour of fuming 
sulphuric acid has a very hig& 
tension, so that the gas residnst 
before being measured, must be freed from the acid vapoml 
in the oaustic potash pipette, passing the gas once into th 
latter pipette being sufficient. 

167. To avoid the rubber connections between 
pipette and burette being attacked by the fuming f 
pburio aoid, the apparatus ia put to^«;t\ 
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ihatt the acid do«s not quite fill the capill&ry tube of the 
papette, aud the coDsectiDg capillary is allowed to remaiu 
smpty ; the short rubber tube of the burette is also fi«ed 
ftota liquid by means of a narrow tipped suction pipette, 
»ny reagent remaining in the rubber tube being fijst 
washed out by water with the same pipette. 

If care be taken that the sulphuric acid is stopped, after 
the abBOFptioQ, at the same point in the capillary at which 
it stood when the burette and pipette were first pnt together, 
lihexi the small volume of air contained in the empty capillary 
tabes in the beginning causes, of course, no error in the detei^ 
mination of the heavy hydrocarbons or other gases with the 
exception of nitrogen. In the nitrogen determination allow- 
anoe may be made for this air volume, but as each c.c. of the 
empty capillary corresponds to only 0-008 c.c, this value is 
below the limit of the usual unavoidable experimental 
errors. 

After the absorption, the rubber tube is taken off from 
the pipette, and the capillary and the larger tube are closed 
air-tight by small pieces of glass rod, which are pushed 
over narrow rubber rings placed upon the glaaa tubes. 

168. Bromine is also a good absorbent for ethylene. It is 
used in a similar pipette to the one just described. It is not 
necessary to completely fill the pipette with bromine ; it will 
be quite sufficient if a few c.c. of bromine lie under water in 
the pipette. There is thus formed a saturated solution of 
bromine in water which absorbs the ethylene. 



Margh Qaa or Methane (CH,), 



^P 169. There is no absorbent for marsh gas, which is always 
determined by combustion. One volume of methane united 
with two volumes of oxygen, and one volume of CO^ is formeil. 
To avoid the burning of nitrogen in the explosion, 100 
volumes of incombustible gas are taken for from 25 to 37 
volumes of the mixture of methane and oxygen (Bunsen), 



i 
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Nitrogen. 

1 70. This gas is but slightly soluble in water. 
No method of dii*ectly determining nitrogen is knowik 

The residue of gas mixtures which cannot be directly 
determined is hence calculated as nitrogen. It follows from 
this, that all the errors of the preceding determinatioiis M* 
upon the nitrogen, and the more complicated the gas mixture 
the more inexact are the results. 

171. Hempers apparatus may be used for determining the 
following. 

(1) Estimation of COj in Air or in Furnace Chuei.-^k 
simple absorption pipette, Fig. 54, is employed, contaiuiog 
a solution of K HO of sp. gr. 1 '20. 

(2) Estimation of Oxygen in Atmoepheric Air. — A compound 
absorption pipette. Fig. 56, filled with a strong solutioa (i 
potassium pyrogallate is employed. 

(3) Estimation of COa, Oj, and Nj in a Furnace Ga».- 
The gases are absorbed in the following order by the reagent 
mentioned. 

(a) CO., by KHO solution. 

(b) O.J by alkaline pyrogallate solution. 

(c) Measure the residual nitrogen. 

(4) Estimation of CO2, O2, CO, and Nj in a Furnace Gas.— 
Absorb the gases in the following order by the reagents 
mentioned. 

(a) CO.J by KHO solution. 

(h) O2 by alkaline pyrogallate solution. 

(c) CO by a saturated solution of cuprous chloride in 
hydrochloric acid. 

(d) Measure the residual nitrogen. 

The following is a description of the method of making 
an analysis of coal gas by means of Hempel's apparatus. 

172. A quantity of water for use in the measuing tube 
is first saturated with the ga& by taking & ftuk half fiodl of 



water, leading a rapid stream of gas through the liquid, and 
vigorouely shaking the flask. 

The hydrocarbon vapours are first absorbed with alcohol, 
tlien COj with KHO, then the heavy hydrocarbons with 
faming sulphiiric acid, then oxygen with phosphorus, and 
lastly CO with amraoaiacal cuprous chloride solution. The 
residue, which consists of marsh gas, hydrogen, and nitrogen, 
is measured, and Is then led back into the cuprous chloride 
pipette, and a portion is taken for the explosion analysis. 
"With ordinary illuminating gas 12 c.c. of the residue suffice 
for the explosion. 

These 12 c.c. are measured off in the gas burette and 
enough air is drawn in to bring the mixture to about 100 c.c. 
In all these measurements, the running down of the liquid 
must he carefully waited for, because the amount of gas 
taken is so email, that any errors that may be made are 
greatly multiplied. The gas mixture is now burned in the 
explosion pipette. The gas is then transferred to the 
measuring tube and the total contraction is measured. Then 
the COj is absorbed with KHO, and finally the oxygen in 
excess is ahaorbed with phosphorus. The last determination 
is made merely to be sure that a sufficient excess of oxygen 
was present in the combustion. 

173. The following is an illusti'ation. 100 c.c. of illn- 
minating gas measured off. The hydrocarbon vapours are 
first absorbed in the following manner. Two explosion 
pipettes, Fig. 58, are used, containing 1 c.c. of alcohol and 
water respectively. These explosion pipettes are fir.st filled 
completely with mercury, and the alcohol and water are run 
in at the c;ipillary tube from burettes. Both liquids must be 
saturated with the illuminating gas before being ui^ed for the 
absorption. To do this about 50 c.c. of gas is passed into each 
pipette, and the pipettes are shaken for several minutes. The 
gas is then driven out and the pipettes are ready for use. 

174. The measuring tube containing the 100 c.a of gas is 
joined, by a fiuo-bore capillary tube, to the ^pi^lta cisa.'L,'^.^^!'^ 
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tho 1 0.0. of alcohol, the gna is driven over, the pipette il 
oloaed by a pttich-oock and disconneoted, and shaken for tl 
minute*. The gae is then drawn hack into the burette, ufl 
jiiujsed into the pipette containing the 1 c.o. of water, and ir 
there shaken for three minuteB. The gas is then dranl 
back into tho ineaauring tube and measured = ' T cc. or ptf I 
cent. hydrocarb(in Tapours. Passed into £H0 pipette u ' 
drawn directly back into the measuriag tube, meaanred aElar | 
three minutes (timo allowed for the ninniag down], 
suremeut gave 4'1 Co.; hence there was present 4"! — O'J I 
= 3-4 c.c, or per cent. CO,. 

175. Burette now connected by meana of a dry piece of J 
rubber tube and a dry oapillai-y with the pipette containing 
fuming Bulphurio acid. Gas driven over and drawn hack at 
once into the meaauring tube. Gas now passed again int* 
KHO pipette, and after being drawn baok into the meBaoiiDg 
tube and allowed to stand three minutes again i 
The measurement gave 8'4 c.c. ; hence there were 8*4 — I'l 
= 4'3o.c., or 4*3 per cent, of heavy hydrocarbons preeent, 

176. The gas now passed into phoapbonis pipette, Fig; 
55, and allowed to stand for three minutes, then drawn 
back into burette and measured at the end of three minutefc 
Reading gave 8-4 c.o., hence no oxygen was present. 

177. The gas was then passed into the pipette conta 
ammoniacal cuprous chloride. Fig. 56, which had 1 
repeatedly used, and was shaken therein for two minutes 
It was then drawn back into the burette and transferred a 
onoe to a second pipetto containing ammoniacal cnprou 
chloride which had been used but little, and it was he 
shaken for three minutes. Drawn back into the burette ai 
measured after three minutes ; the reading was 18 cc. hen 
there waa 18 c.c — 8-4= 9-6 c.c or percent, of CO preaenti 

178. The remaining 82 c.c. of gas were then passed baofe 
into the cnprous chloride pipette, and the pipette was d 
with an ordinary pinch-cock. 

The water in the burette ia ^n.ted out, the bnrettf 
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^Trashed with hydrooliloric acid and then with distilled water, 
«iid then filled with water which is saturated not with 
illuminating gas but with air. 12 to 15 c.c. of the gas resi- 
due are now measured off into the burette. In this case 
13 '2 c.c. were taken. 

179. So much air is then drawn in that the total volume 
ef the gas residue taken and the air amounts to about 
100 CO. In this case it was 99 • 6 cc. 

This mixture is now brought into an explosion pipette, 
yig. 68, filled with mercury, care being taken that the capil- 
lary remains full of water. The rubber connecting piece is 
closed by a strong pinch-cock, and a piece of glass rod is 
slipped into the end of the india-rubber tube. The pipette 
is then vigorously shaken, the glass stop-cock is closed, the 
pipette is connected with the poles of an induction coil and 
-the mixture is exploded. The glass stop-cock is at once 
opened and the remaining gas is transferred without delay 
to the measuring tube, and after three minutes measured. 
The result here was 78 c.c. 

The total contraction was therefore 99 • 6 — 78 = 21 • 6 cc, 

180. The gas remaining from the combustion is now 
passed into the KHO pipette, drawn directly back into the 
burette, and after three minutes measured. The reading was 
73*2 cc. Hence by the combustion 78 — 73*2 = 4*8 c.c. of 
OO2 were formed. 

181. Although this gave all the data necessary for the 
calculation of the analysis, the remaining gas was neverthe- ' 
less passed into the phosphorus pipette in order to be sure 
that an excess of oxygen was present in the combustion, or 
in other words that the gas was completely burned. The 
measurement gave 70*2 cc. 

Hence there were 73*2^— 70*2 = 3 cc. of oxygen in 
excess. 

182. In the combustion of the marsh gas its own volume 
of CO2 is formed, so that in the 13*2 c.c. of the gas residue 
taken for the explosion there were 4*8 cc of marsh gas. 
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Tho marah gas io the total gas residue of 82 c.c. 
by the proportion — 

13-2 : 82 :: 4-8 : x. 
X = 29-8 per cent, marsh. 

Since marsh gas in burning unites with t'wice its volumaj 
of oxygen, the contraction which baa resulted from t 
combustion of the hydrogen ia found hy subtracting twioa 
the volume of the OOj found from the total contraction. 

21-6 - (2 X 4"8) = 12o.o, contraction due to the bumiDg" 
of hydrogen. 

183. One volume of hydrogen unites in burning with 
one-half its volume of oxygen ; hence the volume of the 
hydrogen ia found by multiplying 12 x ^. Thus the 1. 
CO. of the gas residue taken for tho explosion contained 8 c.o. 
of hydrogen. The total amount of hydrogen is given by the 
proportion — 

13-2 : 82 :: 8 : IB. 
a: = 49 ■ 6 per cent, hydrogen, 

184. The nitrogen is found by suhtracting the sum o( 
all the other constituentB from 100. This gives 2'6percratt. 

Hence the illuminating gas contained — 
0-7 per cent, hjdrocarbOD TaponiB 
CO, 
„ Leavy bjdrocaiboDB 
„ oxygen 



185. The determination of hydrogen maybe madaii 
exactly by absorption with palladium. The following analy-1 
sis is given to illustrate the calculation of the analysis wlu 
the hydrogen is fractionally burned. 



The direct abeorption gave — 

0*Gperctiit liydrucaiboD Tspoura 



186. The residue of hydrogen, methane aad nitrogen, 
amouDted to 8I'2c.c. This was transferred to a pipette and 
40-6 c.c, were measured off in a bnrette for the fractional 
combuBtion of the hydrogen. To this was added air (in this 
caae 58*7 c.o.), and the mixture was passed into a pipette 
filled with water. Then more air was measured off in the 
bnrette and transferred to the pipette, so that the total 
amount of air added would, without doubt, be sufficient for 
the combustion of the hydrogen. 

In this second measurement 16 ■! c.o. of air were taken, ao 
that the total amount of gae taken for the fractional com- 
buetion was 40-5 + 58-7 + 16-1 = 116-3 c.c. The gases 
were vigorously shaken in the pipette to thorougUy mix 
them, and were then fractionally burned by leading them 
over 0- 5 gram of palladium black. [Palladium black is made 
by reducing palladious chloride with alcohol is a strongly 
alkaline solution, the same method being used in preparing 
platinum black with platinum chloride. The palladium black 
is placed in a small U-tube, Fig, 59, plunged into water at a 
temperature of 100° C, and the gas and air is passed slowly 
through the tube two or three times. The tube at the time 
must be connected with an ordinary absorption pipette filled 
with water, or else with the KKO pipette, which in this case, 
of course, simpiy acts as a kind of receiver.] The volume 
after the combustion was 81 o.c, hence the contraction was — 
115-3 - 81 = 34-3 cc, 

E ponding to 22 -9 c.c. of hydrogen, the total amount of 
gen being found by the proportion — 
Aa 40-5 : 81-2 : : 22-9 : x. 

X = 45-9 per cent, hydrogea. 



244 THE GAS engineer's labobatost handbook. 

187. To determine the marsh gas, 19*9 o.c. of the rendne 
of hydrogen, marsh gas and nitrogen were taken, and, to- 
gether with 110 c.c. of air, were transferred to the explosion 
pipette. The gases were well mixed and were then exploded, 
freed from CO2 in the KHO pipette, and measured. 

There remained 90*5 c.c. The contraction was — 

110+ 19-9 90-5= 39-4 C.C. 

188. From the determination of the hydrogen by the 
fractional combustion, we know that in 19 ao. of the residue 
the hydrogen wonld cause a contraction of 16*9 cc. (40* 6: 
19*9 : : 34'3 : X. x = 16'9), hence the contraction due to 
the methane is equal to 39*4 - 16*9 = 22*5 c.c^ and the 
volume of the methane itself is 7 * 5 c.c. 

The percentage of methane is — 

19-9 : 81-2 :: 7-5 : x. 
X = 30*6 per cent, methane. 

189. The nitrogen, determined by difference as before, 
is 4*7 per cent., so that the composition of the gas was as 

follows : — 

• 6 per cent, hydrocarbon vapours 

3-4 „ CO2 

4-4 „ C,H, 

0-3 „ O, 

101 „ CO 

45-9 „ H2 

30-6 „ CU^ 

4-7 „ N, 



100 



Gas Analysis by Means of BiJNXE's Appabatus. 

Analysis of Furnace Gases. 

190. These may be conveniently determined by means 
of the apparatus devised by Dr. Bunte, late of the gasworks, 
Munich. The following is a description of the apparatus 
and method of using it ;— 
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A and B, Pig. 61, are two burettes fitted with three-way- 
cocks, each graduated in fifths of a c.c, and capable of holding 
110 c.c. ; T, a one-gallon tubulated bottle, serving as a water 
reservoir, and F an aspirator. The burette is filled by 
opening the stop-cocks, h and a, and allowing water from the 
bottle, T, to enter the burette until it nearly fills the 
funnel, t The stop-oock should then be closed and the 
india-rubber tube detached from the bottom of the burette. 
The longitudinal bore of the stop-cock, «, is now connected 
with the tube supplying the gas to be examined, and the gas 
aspirated by running the water out of the burette by 
means of the stop-cock, h. Bather more than 100 c.c, 
say, 105 c.c, of gas should be allowed to enter the 
burette, and the exact adjustment to the zero mark then 
made as follows: — By means of the bottle, T, sufficient 
water should be forced into the burette to compress 
the gas to about 95 cc. ; then h is closed, the bottle, T, is 
detached, and by cautiously turning the tap, h, the water is 
run out again exactly to the zero mark. The gas is still 
under a plus pressure, and now that pressure has to be 
established at which every reading off has to take place with 
this apparatus. For this purpose the funnel, t, should be 
filled with water up to the mark, when, on opening the tap, 
a, for an instant the excess of gas will escape through the 
water. The burette now contains exactly 100 ac. of gas at 
the pressure of the atmosphere, plus the pressure of the 
column of water standing in the funnel, t 

Determination of Carbonic Acid. 

191. The tube, r, of the aspirator, F, is connected to the 
bottom of the burette, suction applied at S, stop-cock, 6, 
opened, and as much water as can be aspirated allowed to run 
out. The stop-cock should then be closed, the tube removed, 

and the end of the burette dipped into a strong solution of 
caustic potash. On opening the stop-cock.^ h, %i c!^«£l\a^^ q^ 
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Determination of Carhonic Oxide. 

193. If oxygen has been proved to be present, carbonia 
oxide will most likely be absent, unless tbo gases have 
lironght tf^ether at a temperature iDauffiment to promoU 
their combination. Carbonic oxide and hydrogen are mort 
oonTeniently estimated by oombustion. as unde: 

The burelte should first be cleared from the solntion of 
alkaline pyrogallato, by opening the cocks, a and b, and 
iillowing a stream of water to run through the buretteuntil 
clean, taking the precaution to always keep the funnel, I, 
sealed. It is now nooossary to mix the gases 
cosa of air, but as the burette would not hold sufficient to 
combine with the whole of the gases generally present, it is 
requisite to expel a portion and work on, say, half Ae 
volumei For instance, if 100 c.c. were originally taken, and 
there were found 10 per cent of COj, on driving out ga*. 
until it measured 45 c.c. we would get the equivalent of haU 
the volume originally present. The air is admitted l)y 
placing the cock, a, in communication with the burette, 
opening the pinoh-cock at c, and allowing water to flow out 
at 6. This shnuld be continued until the water level is two 
or three divisions below zero, when the cock, b, and the 
pinch-cock should be closed, the contents of the burette 
brought to the normal pressure, and the reading of the 
burette taken, the contents of the burette having been pre- 
viously well shaken up so as to mix the gases with the air. 
Connection sliould then be made between the burettes, A and 
B, uniting the two at the india-rubber tubes, C and C, by; 
means of a piece of glass combustion tubing containing 
small coil of palladium wire. The burette, B, should 
viously have been filled with water in the usual manner. 
The palladium wire in the combustion tube should be 
brought to a red heat by means of a Gunsen burner, and the 
gas in the burette is caused to pass from A over the healod 
wire into B by opening 6 and c, connecting the water-supply. 



mer. ■ 
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T, with bottom of burette, A. When all the gas fj om A has 

passed over (shown by the burette being full of water) the 

operation is reversed, the gas being again collected in A. It is 

then allowed to stand until the normal temperature is attained, 

adjusted for pressure, and the volume then read off, and this 

reading kept for reference. A solution of caustic potash 

should then be applied in the manner described for the 

estimation of CO2, and the diminution in volume also noted. 
194. In order to work out the calculations, it will be 

necessary to notice what action takes place during the com- 
bustion. The gases to be dealt with are hydrogen, carbonic 
oxide and nitrogen, mixed with an excess of air ; by passing 
over the red hot palladium wire, the oxygen of the air com- 
bines with the carbonic oxide CO, to form carbonic anhydride, 
CO2 ; (CO + = CO2) and with the hydrogen to form 
water, H2O ; (H2 + O = H2O) the nitrogen of course not 
being affected. Now, supposing that after igniting the 
gases and treating the residue with caustic potash, a diminu- 
tion in volume of 10 c,o. was observed, this would be equal to 
10 CO. of CO2, for each volume of CO produces an equal 
volume of CO2, and, as only half the original volume taken 
was treated, on multiplying the result by two, the true per- 
centage of CO2 will be obtained. Supposing, also, that after 
ignition, but before treatment with KHO, there was a 
diminution in the volume of 10 o.c, this would be due partly 
to the combination of the hydrogen with the oxygen, and 
partly to the combination of the carbonic oxide with the 
oxygen. The CO would require half its volume, or 5'c.c. of 
oxygen ; therefore, on deducting 5 c.c. from the 10 cc. due to 
combustion, we get 5 c.c. as a result of the combination of 
the hydrogen with the oxygen. Hydrogen combines with 
oxygen to form water, in the proportion of two volumes to 
one ; consequently, on multiplying 5 by f we get 3 • 3 c.c. as 
the number of cc. of hydrogen, and this multiplied by 2, 
gives 6' 6 as the percentage of hydrogen. Nitrogen is 
calculated by difference. 
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195. In order to effect the estimation of CO by absorption, 
it is necessary to remove every trace of the pyrogallate sola- 
tion by the nse of the fnnnel and the snction bottle. This 
done, a concentrated solution of cnprons chloride in HCl is 
applied to the bottom of the burette in the usual mamier. 
When absorption is complete the CujClj is drawn off, the 
tube washed, and treated with a solution of KHO, for the 
purpose of absorbing any HCl vapour which may have been 
liberated in the reaction. After bringing to correct pressure, 
the reading shows the percentage of CO. 

196. The gas may be conveniently taken off by tightly 
inserting a wrought iron tube, or preferably an inner pla- 
tinum tube encased by an outer tube of wrought iron, into 
the furnace or flue, and then aspirating into a suitable vessel, 
taking every precaution to prevent any air mixing with the 
gases, by aspirating a sufficient quantity. The sample may 
then be transferred to the laboratory for analysis. 



APPENDIX, 



OAS BEFEBEES' INSTBUCTIONS. 

As TO THE Times ajstd Mods of Testing fob Purity. 

The testing? for purity shall extend over twenty hours of each day, 
and shall be made upon ten cubic feet of gas, which shall be tested 
successively for each of the following impurities : — 

I. Sulphuretted Hydrogen, 

The gas shall be passed, as it leaves the service-pipe, through an 
apparatus in which are suspended slips of bibulous paper, impr^nated 
with basic acetate of lead. 

The test-paper from which these slips are cut is to be prepared from 
time to time by moistening sheets of bibulous paper with a solution of 
1 part of sugar of lead in 8 or 9 parts of water, and holding each sheet 
while still damp over the surface of a strong solution of ammonia for a 
few moments. As the paper dries all free ammonia escapes. 

If any discoloration of the slip of test-paper is found to have taken 
place, this is to be held conclusive as to the presence of sulphuretted 
hydrogen in the gas. Fresh test-slips are to be placed in the apparatus 
every day. 

In the event of any impurity being discovered, one of the test-slips 
shall be placed in a stoppered bottle, and kept in the dark at the testing 
place ; the remaining slips shall be forwarded with the daily report. 

II. Ammonia. 

The gas which has been tested for sulphuretted hydrogen shall pass 
next through an apparatus consisting of a glass oy) ^ with 

glass heads, which have been moistened mt\i t^ idm ^ 
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standard sulphuric acid. A set of burettes, properly graduated, is pro- 
vided. 

The maximum amount of ammonia allowed is 4 grains per 100 cubic 
feet of gas ; and the testings shall be made so as to show the exact 
amount of ammonia in the gas. 

Two test-solutions are to be used— one consisting of dilute sulphuric 
acid, of such strength that 25 measures (septems) will neutralise 1 grain 
of ammonia ; the other, a weak solution of ammonia, 100 measures of 
which contain 1 grain of ammonia. 

The correctness of the result to be obtained depends upon the fulfil- 
ment of two conditions : — 

1. The preparation of test-solutions having the proper strength. 

2. The accurate performance of the operation of testing. 

To prepare the test-solutions the following processes maybe used by 
the gas-examiner : — 

Measure a gallon of distilled water into a dean earthenware jar or 
other suitable vessel. Add to this 94 septems of pure concentrated 
sulf^uric acid, and mix thoroughly. Take exactly 50 septems of the 
liquid aud precipitate it with barium chloride in the manner prescribed 
for the sulphur test. The weight of barium sulphate which the test 
acid should yield is 13*8 grains. The weight obtained with the dilute 
acid prepared as above will be somewhat greater, unless the sulphuric 
acid used had a specific gravity below 1 '84. Add now to the diluted 
acid a measured quantity of water, which is to be found by subtracting 
13 '8 from the weight of barium sulphate obtained in the experiment, 
and multiplying the difference by 726. The resulting number is the 
number of septems of water to be added. 

If these operations have been accurately performed, a second precipi- 
tation and weighing of the barium sulphate obtainable fi*om 50 septems 
of the test acid will give nearly the correct number of 13*8 grains. If 
the weight exceeds 13*9 grains, or falls below 13*7 grains, more water 
or sulphuric acid must be added, and fresh trials made, until the weight 
falls within these limits. The test acid thus prepared should be trans- 
ferred at once to stoppered bottles which have been well drained, and 
are duly labelled. 

To prepare the standard solution of ammonia, measure out as before 
a gallon of distilled water, and mix with it 50 septems of strong solu- 
tion of ammonia (sp. gr. 0*88). Try whether 100 septems of the test 
alkali thus prepared will neutralise 25 of the test acid, proceeding 
according to the directions g^iven. svibaec^c^iiW^ ^\&>i^<&xsi<;A^^^«&Ux\j^^ 
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If the acid is just neutralised by the last few drops, the test alkali is of 
the required strength ; hut if not, small additional quantities of water 
or of strong ammonia solution, must he added, and fresh trials made, 
until the proper strength has been attained. The bottles in which the 
solution is stored should be filled nearly full, and well stoppered. 

The mode of testing is as follows : — Take 50 septems of the test- 
acid (which is greatly in excess of any quantity of ammonia likely to 
be found in the gas), and pour it into the glass cylinder, so as to well 
wet the whole interior surface, and also the glass beads. Connect one 
terminal tube of the cylinder with the gas supply, and the other with 
the meter, and make the gas pass at the rate of about half a cubic foot 
per hour. Any ammonia that is in the gas will be arrested by the 
sullfliuric acid, and a portion of the acid (varying with the quantity of 
ammonia in the gas) will be neutralised thereby. At the end of each 
period of testing, wash out the glass cylinder and its contents with 
distilled water, and collect the washings in a glass vessel. Transfer 
one-half of this liquid to a separate glass vessel, and add a quantity of 
a neutral solution of haematoxylin or litmus just sufficient to colour 
the liquid. ITien pour into the burette 100 septems of the test alkali, 
and gradually drop this solution into the measured quantity of the 
washings collected, stirring constantly. As soon as the colour changes 
(indicating that the whole of the sulphuric acid has been neutralised), 
read off the quantity of liquid remaining in the burette. To find the 
number of grains of anmionia in 100 cubic feet of the gas, multiply 
the number of septems of test alkali remaining in the burette by 2, and 
move the decimal point one place to the left. 

The remaining half of the liquid is to be preserved in a bottle, duly 
labelled, for a week. 

III. Stdphur Compounds other than Sulphuretted Hydrogen, 

The gas which has been tested for sulphuretted hydrogen and am- 
monia shall pass next through a meter, by means of which the rate of 
flow can be adjusted to half a cubic foot per hour, and which is pro- 
vided with a self-acting movement for shutting off the gas when ten 
cubic feet have passed. 

The testing shall be made in a room where no gas is burnt other 
than that which is being tested for sulphur and ammonia. 

The apparatus to be employed is represented in Fig. 62, and is of 
the folbwing descriptioQ : — ^The gas is burnt in a small Buneeu buiusx 
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witii steatite U>p, which m inonnkd on & short cyliDdrical stand, p 
furaMd with holes fur the admiasion of ^r, and having oi 
surface ■ lieep circular cbaonel to recdve the wide end of a gbsfl 
trumpet tub«. Vu the top of the stand, between the hatt 




the burner and the Burrounding glass trumpet tube, are to be placwi 
pieces of commercial seaqui-carbonate of ammonia, weighing in all about 

The product*, both of the combugtion of the gns and of the gradual 
volatilieation of the ammonia salt, go upwards through the trumpet 
tube into a vertical glaGS cylinder, packed with halls of glass, to break 



i current anil promote condensation. From the top of tbd 

inder there proceeds a. long glass pipe or chimney, servicg to effect 

B further condensation, as well as to regulate the draught, and 

exit fur the nncondensable gases. In the bottom of the 

is fixed a small glaas tube, through which the liquid (formed 

ing the testing) drops into a beaker placed beneath. 

The following cautions are to be observed in selecting and setting up 

the apparatus : — 

See tha.t the inlet pipe fits ga»-tigbt into the burner, and that the 
holes in the circular stand are clear. If the biu-ner gives a luminous 
flame, remove the to]hpieoe, and having hammered down gently the 
Dozzls of soft metal, prforate it afresh, niiiking as small a hole as will 
give pass^e to half a cubic foot of gas per hour at a convenient piee- 

See that the tubulure of the condenser has an internal diameter of 
not less than } inch, and that its outside is smooth and of the same size 
as the small end of the trumpet tube. 

See that the short piece of india-rubber pipe fits tightly both to the 
trumpet tube and to the tubulure of the condenser. 

The small tube at the bottom of the condenser should have Its lower 
end contracted, EO that when in use it may be closed by a drop of 

The india-ruhber pipe at the lower end of the chimney tube should 
fit into, and not simply rest upon the mouth of the condenser, and the 
upper extremity of this tuiie may with advantage be given a downward 
cnrvature. 

At the end of each period of testing, the oylinderaQd trumpet tube 
1 to be well washed out with distilled water. Fresh piecea of 
iqui-carbonate of ammonia are to be used each day. 
The gas examiner shall then proceed as follows: — 
The liquid in the beaker and the water used in washing out the 
jjparatus shall be put into the same vessel, well mixed, and measured. 
«-halt of the liquid bo obtained is to be set aside, and preserved for a 
aek, properly labelled, in case it should be desirable to verify the 
Bcoireotness of the testing. 

The remaining half of the liquid is to be put into a flask, or beaiet, 
covered with a large watch-glass — treated with hydrochloric acid, 
snfBcient in quantity to leave an excess of acid in the solution — and 
tiien railed to the bailing point. As excess of a solution of barium 
now to be added, and the boUing um.t.vQ.'ae^ b:>\ ^<(% 'aciii!^^^^. 
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The Teasel and its contents are to be allowed to stand tUl the 
sulphate settles at the bottom of the vessel, after which the cleai 
is to be as far as ix)68ible poaitKl off through a paper filter. The i 
ing liquid and barium sulphate are then to be poured on to th 
and the latter well washed with hot distilled water. [In o 
ascertain whether every trace of barium chloride and amn 
chlonde has been removed, a small quantity of the washings fi 
filter should be placed in a test-tube, and a drop of solution oi 
nitrate added. Should the liquid, instead of remaining perfectl 
become cloudy, the washing must be continued until, on repeat 
test, no cloudiness is produced.] Dry the filter with its contei 
transfer it into a weighed platinum crucible. Heat the crucible 
lamp, increasing the temperature gradually, from the point at 
the paper begins to char, up to bright redness. When no black p 
remain, allow the crucible to cool ; place it when nearly co 
desiccator over stroi^ sulphuric acid, and again weigh it 
difierence between the first and second weighings of the crucil 
give the number of grains of barium sulphate. Multiply this ] 
by 11 and divide by 4 ; the result is the number of grains of t 
in 100 cubic feet of the gas. 

lliis number is to be corrected for the variations of temperat 
atmospheric pressure in the manner indicated under the I 
" Illuniinating Power," with this difierence, that the readings 
barometer and thermometer are to be taken for the day on wh 
testing commenced, and also the day on which it closed ; and th 
of the two is to be used. 

This correction may be made most simply, and with su 
accuracy, in the following manner : — 

When the tabular number is between 955-965, 966-975, 97 
986-995, increase the number of grains of sulphur by y^ths, - 
Y^tns, jQotn. 

When the tabular number is between 996-1005, no correctic 
be made. 

When the tabular number is between 1006-1015, 1016 
1026-1035, diminish the number of grains of sulphur by 
iJ^ths, ^tha. 
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Example. 

Strains of barinm sulphate frotn 5 cubic feet of gas .. 4*3 

iftultiply by 11, and divide by 4 11 

4)47-3 

j^ndns of snlphnr in 100 cubic feet of gas (uncollected) 11 * 82 
Add 11-8 XTfe= '24 



G^rains of sulphur in 100 cubic feet of gas (corrected) . . 12 * 07 

Barometer (mean) 29*4 

Thermometer (mean) 58 

Tabular number 985 

Besult 12*1 grs. 



TO THE Maximum Amount of Impurity in bach form with 
WHICH the Gas shall be allowed to be chabged. 

^phuretted Hydrogen. — By the Acts of Parliament all gas sup- 

L must be wholly free from this impurity. 

imrrumia, — ^The maximum amount of this impurity shall be 

ains per 100 cubic feet. 

Sulphur Compounds other than Sulphuretted Hydrogen. — ^The 

imum amount of sulphur with which gas shall be allowed to be 

ged shall be 17 * grains of sulphur in every 100 cubic feet of gas. 



Meters. 

Fhe meters used for measuring the gas consumed in making the 
ous testings, having been certified by the Referees, shall, at periods 
ot less than seven days, be proved by the Gas Examiners by means 
le Referees' Cubic Foot Measure — a description of which apparatus, 
1 directions how to use it, is given below. Should a meter show 
variation, water must be added or withdrawn imtil the meter 
correct. Every testing place shall have the above-mentioned 

* The amount allowed in the winter is 22 grains. 
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Oab BETSBXEg' CuBio Foot Mxasubx. 

This iiutnimeat is a vessel of a cjlindrical fonn with Tonnded ends, 
lAde of hardeiied tin about one quarter of ao inch thick, fitted at etch 
end with a narrow glass tube — the joints being 
made sound witb icdia'Tubber patting. The 
instrament stands in a vertical posidon final; 
fixed to a strong plank. 

At the top of the instmmeut is a three-war 
cock, marked on the head of the key with a T> 
each arm of which showB the direction of a 
waj through the plog; and attached to the 
side of this cock there is a small pipe, wbidi 
serves to admit ^a when the measure is to be 
charged. When the T is in ila ordinary 
position communication is cloeed between tbs 
measure and the tube leading bom it to the 
metera, but is open to the gas supply; bnt 
with the — 1 iQ this poHtiott (Le. with the stem 
poiotuig to the opposite side of the cock to tjiat 
connected with the gas supply) the measure is 
open to the meters and shut to the gaa. 

At the bottom of the instrument there are 
three cocks, one laige and two small ones. One 
of the small ones, when opened, admits water 
into the measure ; the other small one is need 
for verifying the adjostment of tbe measure, 
by discharging the water into a standard mea- 
sure. The large cock, when opened, allows 
the water to ran oSt 

The cock at the top of the measure is con- 
tinued by a tin pipe, which rises above tb* 

level of the water in the t^tem, and then letoms downward^ par 

to the two meters. 

/flir wi round the giasa \n.\iea iHr ' -> and Imv p 
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tlie measure there are narrow stripe of paper, which indicate the exact 
measure of one cubic foot. 

The instrument should be in communication with a tank of water 
in the same room. 

To verify the meters employed in ascertaining the consumption of 
gas in the photometers, or those employed in the sulphur and anmionia 
tests, the mode of procedure is as follows :— 

Starting with tiie bottle full of water, turn the three-way cock at 
the top of the instrument so as to place the measure in communication 
with the gas supply from the main, and open the large cock at the 
bottom of the apparatus. When the bottle is filled with gas to below 
the water-line, close the large cock, and turn the upper three-way cock 
80 as to close the inlet for gas, while opening the way to the meters. 
Ilext turn the cock of the meter which is to be tested so as to cut ofif 
the ordinary gas supply and to place the meter in communication with 
the cubic foot measure, taking care that all the other meters are closed 
to the cubic foot measure. See that the tap is open which allows gas 
to pass from the meter through the governor to the burner. Then 
proceed gently to open the small lever cock and allow water to flow 
into the measure, suf&cient to fill the lower glass tube up to the water- 
line. Note the exact position of the index hands. Now turn on the 
lever cock, watching the pressure-gauge attached to the measure, until 
gas is passing through the meter at about the normal rate of five cubic 
feet an hour. When the measure is nearly full, stand by it to check 
the rate of flow, and finally shut the water off as it reaches the upper 
water-line. Bead the meter. 

Should the meter have completed more than the prescribed number 
of revolutions when the measure is full, then some water must be 
removed from the meter; if the contrary is the case, then water must 
be added to the meter. The testing is then to be repeated until the 
meter is found to register correctly. 

The dial of the photometer meters is divided into 60 divisions; 
and as each revolution indicates one-twelfth of a foot each division 
consequently represents the e Jxjth part of a cubic foot ; and therefore 
6 of these divisions represent i^ih part of a cubic foot 

The dial of the sulphur meters is divided into 100 parts ; and as 

each complete revolution indicates one foot, each division consequently 

'ents 1 per cent, of the volume sent through. For accurate 

-nent it is essential that the temperature of the gas in the 

d that in the meter should be the same. U the tem^ral\^<^ 
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• .. .y-..- V-; iriiioh the measure has been filled is different from 
T ,- ■ • ev •. M >ufficient time must be allowed to elapse after the 
r. ■ ■- • ;- ' . : :.!".o»i with j:jas for the measure to have gained the 
:•- •• *•• - ■': : *■'•. s/.rnnnuling air. The measure and the meters must 
• « ■ «■•.. !{.:»: v.iC t4:mi>orature of the air which surrounds them is 

'■• .i'T"'!!.^ rf alvMit an ounce in the quantity of water in the 
^.*T,.T «.>i n-ir jirt^ charj:«.i nearly to the water level will make 
t. ... r, -^t.' : rur ,vr.t. cither fast or slow. 

Av'i .. r ■ •.•:; :i; ntun* of the cubic foot measure is higher than the 
.»..,.►.. r. .1 ;).( outlet of the meter, the meter (if correct) will 
fv »-<». 4ti;,i 1;.* ^v.antity than has actually passed to it from the 
...^^••p.. ^.-.f :.•,. To:ii|x»rature of the measure is lower than that of 
-i «..r. . I -.. ( iifc::::y registered ought to be greater. To find the 
••■ " -» . ; ;.»u r.-f:or ought to register when such a difference of 
. _ .^.».. . - . vifv. .vvide the tabular number corresfwnding to the 
^.- ,.. - -i-.Na^i -/ ^v..; the temperature of the cubic foot meaaure, 
•-»• i* I'l fi Sfr cvrres{x)nding to the barometric pressure and 
" — • -. -M. :tx .1 ,.;.^ s:eter (see page 2G1). 
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8d1»UiiM Weighed. 



Ammonium chloride, NH, CI 
Ammoniam platinum ohlorldei' 

{NH.)^tCl. , 

Anenic; 

Aisemc tersulpbide, Aa,S, .. 



BiuiDm Bnlpbate, BaSO, 
oaibonate, BaCO, 

f- Oolmiuii: 

Oalcnum aalpbate, CaSO, 
oarlMinata, CaCO, 

^Cvbcm: 

CsTtxniic anbydride, 00, 
Oaldum carbonate, OaOO, 
Barium Carbooate, BaCO, 

tCblorine : 

SUtot Cbloride, AgOl .. 



I Feme Glide, Fo,0, 



r, H,0 

[BgneBinm : 
Magneaium pjrophospbate, 

Mg,P,0, 

Snlphnr; 
Barium sulphate, BaSO, 



Ammonia, NH, 

Ammonia, NH, „ 
Nitrogen, N 

Arsenic, As 

AiBeniouB oiide, Ab,Oj .. 
Aiaeaie anhydride, A6,0j 

Barium oxide, BaO .. .. 

Calcium oxide, CaO .. .. 

Oatbon,0 

Carbonic anhydride .. .. 

Ohlorine, CI 

Hydroohlorio acid, HCl .. 
Sodium chloride, NaCl • • 

Ferroufl oxide, FeO . . 

Hydrogen, H 

M^nosinm, Mg .. .. 

Bolpbur, 8 

Sulplinrio anhydride, SO. 
SnlphurouB anhydride, SO, 



■31776 
■07G20 
■06276 

■60975 
■80188 
■9M9G 

■65665 
■■77655 

•41176 



I ■24739 
I ■25435 
I '40767 



■11111 
I -2160 

■13734 

l'3433 
I '2746 



TbeaefaobirBBre employedin thefollowingmannen— Tbe weight of a 

_ teeipitato having been obtained, on multiplying this weight by the footor 

[ ^veu, the weight of the substance to ba determined is arrived at. Thus, 

□ multiplying any weight of ferric oxide by the factor 0*7 the equivalent 

E; weight of iron (Fe) will be obtained ; or any weight of BaSO,, on being 

ilied by ' 13734, will give the equivalent weight of Bolpbni. 
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fi— il — ThtmbASkv] 


■ gifcs m puti of tiM si^jdroiis oJt dissolTed 
WlOOpuftiorwala; 


:» WjiK-Dtai 


■Cvft. 


CbM. 


BtiOag, 


^'»-" anr^ni 




9 

9-5 
33 
45 
199 

06 
1 35 

I 5 
8 

2 

3 

0096 

400 

0-128 

400 

0-23 

7 

127 

21 

30 

46 

3 

48 

•008 

-002 

-02 

2M 

62 

11-5 

200 

48 

10 

2-5 

100 

0-4 

133 

122 

28 

40 

) 141 


422 


- VllOHtl 


357 




- 


89 
40-8 

• • 

100 
60 
10 
35 


Btinr *s*i ^ 




21 




•• •• •* •• 


• • 

• • 


. ^«am .. 




0-079 


^ TUSSX .. .. 








- 


0-21 
19-8 


* litrM? 






«. nl^Ctue . 




75 


l?v« f^'^'*»*X''^*** 




178 


Lafei *k*«ci&% 




71 


-. ciVrijie 




5 






' 139 


^ jttlrcifcdf ,, 






HMSRK^XIt .'Siif 




•002 






' 400 


v>cCW *r6i 




123 
100 


fV^n^^ftn >«*-^>^ 






^ o>j^,>flxdi»^ v^3»i<Ktnn 

^ >fic^^oa»ae 

^ CXklUkf v*»*i> 

^ iCijiJyiw 


102 

10 

! 


V,rrv>si::rtiie 


10-5 
296 






91 

82 

221 
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SoLrBiLiTY OF DiPPEBENT Salts — nontinued. 



100 Water Diaaolve. 



acetate (borax) 
borate 
hydrate .. 
hyposulphite .. 
phosphate 
sulphite . • 
im hydrate 

nitrate.. 

chloride 
acid 

annous) chloride 
loride 
Iphate 



Cold. 



Boiling. 



35 


150 


4 


55 


61 


• • 


50 


more than 200 


12 


• • 


25 


100 


1-6 


34-8 


20 


llB 


53 


102 


76 


200 


270 


• • 


300 


• • 


50 


95 



Boiling Points. 





Centigrade. 


Fahrenheit. 


1. absolute 


o 

78 
-38-5 
164 
104-4 

47-0 

80-4 

63-0 
179-5 
156 
128 
152 
-78 

35 
110 
200 

60 
357 
217 

86 

121 

-2 

-88 

28 


o 

172-4 


lia. anhydrous 


-37*3 


nitrate, satur. solution . . 
. chloride, satur. solution 
lide of carbon • .. 


• • 

• • 


327 
220 
116-6 




177 


e .. 


145-4 


a chloride, satur. solution .. 
„ 66 per cent, solution 
»» 3o ,« ^ 
nitrate, satur. solution 

ic acid 




355-1 
312-8 
262-4 
305-6 
— 108 




95 


)hloric acid, 20 * 2 per cent HCl . . 

above 

ic alcohol 

V 


230 
392 
140 
674-6 


J •• •• •• •• •• •• •• 

lalene 


422-6 


icid, most concentrated . . 

„ specific gravity 1-42 
1 anhydride 

oxide 


• • 


186-8 
249-8 
28-4 
-126 


)n dioxide • .. •• 


82-4 




^ 



266 THE GAS ehginebb's labosatoby hahdbook« 



Bqojvg Ponmi eomtimmed. 




Fahrenheit 



Poteflrium ehloiide, ntar. aolntiaa •• •• 
n chlorate n ,»...• 
n •oetato ff ^ •• •• 
Pf oarbonate f, » •• •• 
„ nitrate „ ^ •• •• 

Sodium ehloride 

„ acetate 

„ carbonate 

n phosphate 

f, nitrate 

Snlphnr 

Snlphnrio acid 

tf anhydride a 

>» M 3 •• •• •• •• 

Salphnrons anhydride 

Tnrpentinei spirits of 



230 

221 

836*9 

275 

244*4 

227*1 

255-9 

222*8 

223*8 

251*6 

838 

618*8 

59 
122 

14 
820 



Fusma Points. 




Fahrenheit 



Alnmininm 

Antimony 

Asphalt 

Bismnth 

Boric acid 

Brass 

Bromine 

Bronze 

Cadmium 

Cobalt 

Colophoniom 

Copper 

Cupric chloride .. 
Cuprous chloride . . 

Fat, oxen 

„ sheep 

yf pig 

Fluorspar 

Glass 

Glass containing lead 



1292 

809 

212 

500 

367 
1652 

-7*6 
1652 

600 
2732 

275 
2012 

928 

813 

104 

107*6 
80*6 
1655 
2192 
1832 



cast, white 
» grey 

-WTOUg^ 

le .. .. 

I .. .. 
oxide .• 
chloride 



£975 
1*75 



aesnim 



nmcchkiide 
ithalene 

:el 

1 oil •• . 

ffin .. . 



113 
33S 



79 



unm 

1 (coal tar) .. 
phoms .. 
Buum ehknate 
tj iodide 
n carbonate 
n nitrate 
icadd •• 
I 



3r, metallio .. 

chloride •• 

nitrate 
Qtinm chloride 
linm 
am chloride .. 

sulphate .. 

nitrate 

chlorate .. 

carbonate., 
maceti .. 
Jium .. .• 

.J 066 8 • • • • 



mffz 



«1$ 

17l» 



174-5 



29 




^-eo 


11^140 


1775 


SS»7 


150 200 


SmMOO 


44 


111*2 


359 


678 


634 


1173 


834 


1538 


329 


6H 


70 


158 


1375 


8507 


960 


1760 


451 


8i3*8 


217 


422 


825 


1517 


217 


482 


772 


1421 


861 


1581 


316 


600 


302 


575 


814 


1497 


45-50 


113-182 


290 


554 


230 


446 


62-70 


148-158 


412 


778 
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Speoifio Gbavitt of Nitbio Aoib at 60° F. (16° C), oalcula 
FBOM Kolb's Bbsultb. (JLuuge and Hurler.) 



Desrera 


Spedflo 


1 Percentage 
by Weight. 


Grammes 
per Litre. 


Twaddell. 


Specific 


Percentage 
by Weight. 


Gran 
perl 


rwMdell. 


Gravity. 


1 


uravity. 












HNOs ' NaOft 


HNOs 


NjOfi 






HNOs 


NaOfi 


HNOs 


1 


1-005 


-88 1 -75 


8 


-8 


7-5 


41 


1-205 


33-02 


28-30|397-9 


2 


1-010 1 


-75 ! 1-50 17 


-6 


15 1 


42 




-210 33-79 


28-96408-8 


3 


1015 2 


-62 


2-25; 26 


•6 


22-8 


43 




•215 34-55 


29-61419-8 


4 


1-020 3 


-50 


3-00 35 


-7 


30-6 


44 




•220 35-32 


30-27 430-9 


5 


1-025 4 


•37 


3-75 44 


•8 


38-4 


45 




-225 36-08 


30-93442-0 


6 


1-030 5 


•25 


4-50 54 


-0 


46 3 


46 




-230 36-85 


31-58453-2 


7 


1-035 6 


•12 


5-25 63 


-3 


54-2 


47 




-23537-61 


32-24464-5 


8 


1-040. 6 


•95 


5-95; 72 


-3 


620 


48 




•240 


38-38 


32-90 475-9 


9 


1-045 


7 


-77 


6-66: 81 


-2 


69-6 


49 




•245 


39-15 


33-55|487-4 


10 


1-050 


8 


•59 


7 -36: 90 


•2 


77-3 


50 




•250 


39-91 


34-21498-8 


11 


1-055' 9 


•41 


8-07 99 


•3 


85-1 


51 




•255 


40-68 


34-8ft510-5 


12 


1- 060 10 


•23 : 8-77108 


•4 


97-3 


52 




•260 


41-44 


35-52 522-1 


13 


1-065,11 


•06 : 9-48117 


•8 ilOlOl 


53 




•265 


42-21 ;36-18;532-8 


14 


1 070 11 


■88 10-18127 


•1 


108-9 


54 




•270 


42-97 


36-83 


545-7 


15 


1-075 12 


70 10-89136 


•5 


117 


55 




•275 


43-74 


37-49 


557-7 


16 


l-080il3 


•52 11-59146 


•0 I1251 


56 




•280 


44-50 


38-15 


569-6 


17 


1 08514 


•34 12-29155 


•6 133-4 


57 




•285 


45-27 


38-80 


581-7 


18 


1-090 15 


•16 12 99165 


•2 1141-6 


58 




•290 


46-04 39-46;593-9 1 


19 


1*095 15 


•98 13^70175 


•0 150-0 


59 


1 


'295 


46-80 


40-11 


606-0 


20 


1-10016 


80 14-40184 


•8 158-4 


60 




•300 


47-57 


40-77 


618-4 


21 


1-105;17 


57 15-06194 


•1 


166-4 


61 


1 


305 


48-33 


41-43 


630-7 


22 


1-110 


18 


85 15-72 203 


•7 


174-6 


62 


1 1 


310 


49 10 


42-08 


643-2 


23 


1115 


19 


•12 16-39 213 


•2 182-7 


63 


1 4 


315 


49-86 


42-74 


655-6 


24 


1-120 


19 


•89 17.05 222 


'7 il90-9 


64 


1 1 


320 50-63 


43-4(>668-3 ! 
44-0q681-0 


25 


1-125 


20 


67 17-71232 


'5 |l99-3 


65 


1 < 


325 51-40 


26 


1-130 


21" 


44 18-38 242 


3 207-7 


m 


1 i 


33052-24 


44-78694-8 


27 


1*135 


22 


21 19-04 252 


•0 2160 


67 




335:53 09 


45-51 


708-7 , 


28 


1-140 22 


98 19-70 262 


224-6 


68 


1 a 


340 53-94 


46-24 


722-8 i 


29 


l-Hf) 


23 


76 20-36 272 





233-2 


69 


T • 


345 


54-79 


46-96736-9 ! 


30 


1-150 


24 


53 21 08 282" 


1 


241-8 


70 


1 • 


35055-64 147-69751-1 i 


31 


1 • 155 


25' 


30 21-69 292- 


2 


250-4 


71 


1 ■ 


355 56-53 48-45 


766-0 ! 


32 


1-160 


26" 


08 ,22-35 302' 


5 259-3 


72 


1 • 


360 57-42 49-22 


780-9 


33 


1-165 


26- 


85 123-01312' 


8 ;268-l 


73 


1 « 


365 58-31 


49-98 


795-9 


34 


1-170 


27' 


62 23-68 323' 


1 276-9 


74 


1 • 


370 59-21 


50-75 


811-2 


35 


l-17o 


28" 


40 


24-34,333- 


7 286-0 


75 


1 • 


875 60-10 


51-51 


826-4 


36 


1-180 


29' 


17 


25-00 344' 


2 2950 


76 


1 • 


380 61-00 


52-29 


841-8 1 


37 


1-185 


29- 


94 25-66 354- 


8 304-1 


77 


1 • 


385 61-97 


53-12 858-3 \ 


38 


1-190 


30- 


71 J26-33 365' 


4 313-2 


78 


1 • 


390 62-95 


53-96:875-0 


39 


1-19531' 


49 126-99 376- 


3 322-6 


79 


1 • 


395,63-92 


54-79 891-7 


40 

/ 


1-20032-26 27-65387-1 331-8 


80 


1 • 


400 


64-90 


55-66 


908-6 
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Specific Gbatttt of Citric Acn> at 60 F. (1."^^ G.) — eontinufd. 



w 

1 

1 


k 






Ppnrntaiee 


Gnmnm 


psz. 


SpeHv' ^Wei^'- • P-I 


^:tre. 


TwaddelLGniTlty. 


by Weight \ 


per Litre. 


\XWM%llJ. 


j 






^ 1 


! HNQ, 
1-405 6601 


N^5 HNO, 
56-61927-4 


794-9 


94 


1-470 


HN'Os NaC, 


HXOs 
1219 


' Ni05 


81 


82-907105 


1045 


82 


1-41067-12 


57-56946-4 


811-2 


95 


1-475 


84-28 72-24 


1243 


1006 


88 


1-41568-23 


58-51965-4 


827-4 


96 


1-480 


85-tV6 73-43 


1208 


1087 


- U 


1-42069-34 


59-46984-6 


844-0 


97 


1-485 


8705 7461 


1-298 


1108 


85 


1-42570-45 


60-39 1001 


860-6 


98 


1-490 


88-43 75-80 


1818 


1130 


~ 86 


1-430 71-83 


61-57 1027 


880-4 


99 


1-495 


89-8-2 70-98 


1843 


1151 


wr 


1-43573-21 


62-76 1050 


9000 


100 


1-500 


91 ••20 78- 18 


1308 


1173 


88 


1-44074-59 


63-94 1074 


920-6 


101 


1-505 


9200 79-48 


1894 


1195 


89 


1-44575-98 


6513 1097 


940-4 


102 


1-510 


VH-18 8009 


1421 


1218 


90 


1-45077-36 


66-31 1122 


961-8 


103 


1-515 


90-59 81-94 


1448 


1241 


91 


1-45578-75 


67-50 1146 


982-4 


104 


1-520 


97-00 88-2(> 


1475 


1204 


99 


1-46080-13 


68-68 1170 


1003 : 


105 


1-0*25 


98 -53 84 -40 


1502 


1287 


98 


1-46581-52 


69-87 1195 

1 \ 
1 1 


1824 

■i 


106 


1-530 lOOOO 85-71. 


15JW 


1311 



AGE OF PUBK HCl GbAMMBS PER LiTBB 60° F. (15' C.\ 

OALOULATSD FROM Eolb's Besults. {Lunge and Hnrter^ Alkali 
Makeups Pocket Book.) 



n««i 


Specific 


Perceatage > 


Grmmmefl 


negroes 


Specific 


Perc»»nt*pe j 


OT»innM« 


TiMUL 


&mvi^. 


of HCL < 


per Litre. 


TwaddeU. 


Gravity. 


of HCI. 
21 00 


per Utre. 


1 


1-005 


1-12 


11-32 


21 


1105 


282*68 


9 


1-010 


2 


12 


21-45 


22 


1-110 


22-00 


244-80 


8 


1-015 


3 


12 


31-67 


23 


1-115 


28 05 


257-02 


4 


1-020 


4- 


11 


41-99 


24 


1-1-20 


24 05 


2(W-84 


5 


1-025 


5- 


11 


52-41 


25 


1-125 


25 05 


281-76 


6 


1-030 


6 


11 


62-93 


26 


1 - 180 


20 04 


21H-28 


7 


1-035 


7" 


10 


73-55 


27 


i-i:i5 


27-04 


800 -IH> 


8 


1-040 


8 


•10 


84-27 


28 


1140 


28-04 


819-Oa 


9 


1-045 


9 


•10 


95-09 


29 


1145 


2;) -08 


:W2-44 


10 


1-050 


10 


•09 


106-01 


30 


1-150 


30 08 


845 -:i6 


11 


1-055 


11 


•09 


117-02 


31 


1-155 


81 08 


858-84 


12 


1-060 


1-2 


•09 


128 14 


32 


1-100 


82 02 


871-44 


13 


1-065 


18 


•08 


139-36 


33 


1 - 105 


88 02 


:i84-04 


14 


1-070 


14 


•08 


150-68 


34 


1-170 


84 02 


. :w-94 


15 


1075 


15 


08 


162-10 


35 


1-175 


' 85 01 


; 411-34 


16 


1080 


16 


07 


173-62 


36 


1-180 


80 01 


424-84 


17 


1-085 


17 


•07 


185-24 


37 


1-185 


87 01 


! 488-44 


18 


lOlH) 


18 


••»7 


196-96 


38 


lliH) 


:i8 01 


452-14 


19 


1 095 


. 19 


•07 


208-78 


39 


1-195 


3;^00 


40000 


20 


1-100 


' 2006 


'■ 220-70 


40 


ll-iWi 


\ 


Cv^-'^ 
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Tablb of thb Feboemtagbs of bbal Sulphubio Aom (SO^H,) 

0OBBI8P0NDINO TO YABIOUS BpEOIFIO GbAYITIBS OF AqUEOUS 

BuLPHUBio Aon>. 

Binean; Otto. Temp. 15^ 



Spedflo 
Grarity. 


Percent 


Spedflo 
Gravity. 


Percent 


Spedflo 
Gravity. 


Percent 


1-8426 


100 


1^568 


66 


1-2476 


33 




842 


99 




557 


65 


1-239 


82 




8406 


98 




545 


64 


1^231 


81 




840 


97 




534 


63 


1-223 


80 




8384 


96 




523 


62 


1215 


29 




•8376 


95 




512 


61 


1-2066 


28 




8356 


94 




501 


60 


1^198 


27 




•834 


93 




490 


59 


1-190 


26 




•831 


92 




480 


58 


1^182 


25 




•827 


91 




•469 


57 


1174 


24 




•822 


90 




•4586 


56 


1-167 


23 




•816 


89 




-448 


55 


1-159 


22 




•809 


88 




•438 


54 


1^1516 


21 




•802 


87 




•428 


53 


1^144 


20 




•794 


86 




•418 


52 


1^136 


19 




•786 


85 




•408 


51 


1-129 


18 




•777 


84 




•398 


50 


1-121 


17 




•767 


83 




•3886 


49 


1^1136 


16 




•75G 


82 




•379 


48 


1^106 


15 




•745 


81 




•370 


47 


1^098 


14 




•734 


80 




•361 


46 


1^091 


^ 13 




•722 


79 




•351 


45 


1^083 


12 




•710 


78 




•342 


44 


1-0756 


11 




•698 


77 


X 


•333 


43 


1^068 


10 




•686 


76 




•3-24 


42 


1-061 


9 




•675 


75 




•315 


41 


1^0536 


8 




•663 


74 




•306 


40 


1-0464 


7 




•651 


73 




•2976 


89 


1-039 


6 




•639 


72 




•289 


88 


1-032 


5 




•627 


71 




•281 


37 


1-0256 


4 




•615 


70 




•272 


36 


1-019 


3 




•604 


69 




•264 


35 


1-013 


2 




•592 


68 




•256 


84 


1-0064 


1 


1-580 


67 
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Tabub 07 Spboifio Gbayity axd Peboentagb 07 Oaustio 

Potash in Aqubous Solution. 



Sp.gr. 
at 16^ G. 


Per- 
centage 
OfKOH. 


at 16® a 


Per- 
centage 
OfKOH. 


Sp. gr. 
at 16® C. 


Per- 
centage 
OfKOH. 


at 16° a 


Per- 
centage 
OfKOH. 


1-009 


1 


1-166 


19 


1-374 


37 


1-590 


54 


1017 


2 


1-177 


20 


1-387 


38 


1-604 


55 


1-025 


3 


1-188 


21 


1-400 


39 


1-618 


56 


1033 


4 


1-198 


22 


1-412 


40 


1-630 


57 


1-041 


rs 


1-209 


23 


1-425 


41 


1-642 


58 


1-049 


6 


1-220 


24 


1-438 


42 


1-655 


59 


1-058 


7 


1-230 


25 


1-450 


43 


1-667 


60 


1-065 


8 


1-241 


26 


1-462 


44 


1-681 


61 


1-074 


9 


1-252 


27 


1-475 


45 


1-695 


62 


1083 


10 


1-264 


28 


1-488 


46 


1-705 


63 


1-092 


11 


1-276 


29 


1-499 


47 


1-718 


64 


1-101 


12 


1-288 


30 


1-511 


48 


1-729 


65 


1-110 


13 


1-300 


81 


1-525 


49 


1-740 


66 


1-119 


14 


1-311 


32 


1-539 


50 


1-754 


67 


1-128 


15 


1-324 


33 


1-552 


51 


1-768 


68 


1-137 


16 


1-336 


34 


1-565 


52 


1-780 


69 


1-146 


17 


1-349 


35 


1-578 


53 


1*790 


70 


1-155 


18 


1-361 


36 











Tabi<b 07 Spboitio Gbayity and Pebcentagb o7 Soda 

(NajO) in Aqubous Solution. 

Tiinnermaim. 



Sp.gr. 


Per cent 


Sp.gr. 


Percent. 


Sp.gr. 


Per cent. 


Sp. gr. 


Per cent 


1-4285 


30-220 


1-3198 


22-363 


1-2392 


15110 


1-1042 


7-253 


1-4193 


29-616 


1-3143 


21-894 


1-2280 


14-500 


1-0948 


6-648 


1-4101 


29-011 


1-3125 


21-758 


1-2178 


13-901 


1-0855 


6-044 


1-4011 


28-407 


1-3053 


21-154 


1-2068 


13-297 


1-0764 


5-440 


1-3923 


27-802 


1-2982 


20-550 


1-1948 


12-692 


1-0675 


4-835 


1-3836 


27-200 


1-2912 


19-945 


1-1841 


12-088 


1-0587 


4-231 


1-3751 


26-594 


1-2843 


19-341 


1-1734 


11-484 


1-0500 


3-626 


1-3668 


25-989 


1-2775 


18-730 


1-1630 


10-879 


1-0414 


3-022 


1-3586 


25-385 


1-2708 


18-132 


1-1528 


10-275 


1-0330 


2-418 


1-3505 


24-780 


1-2642 


17-528 


1-1428 


9-670 


1-0246 


1-813 


1-3426 


24-176 


1-2578 


16-923 


1-1330 


9-066 


1-0163 


1-209 


1-3349 


23-572 


1-2515 


16-379 


1-1233 


8-462 


1-0081 


0-604 


1-3273 


22-967 


1-2453 


15-714 


1-1137 


7-857 


1-0040 


0-302 
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Spiano Obayitt or Caubtio Aicmonia oontainiko m-^ 

FEBINT QUANTITIIB OF NH3, TeMPEBATUBE 14° C. 

(6rF.). (Cariua.) 



Speclflo 


Percentage 


Specific 


Percentage 


Specific 


PerceQti«B 


QrftTltj. 


NU, 


Gravity. 


MHs 


Gravity. 


Nfis 


0*8844 


360 


0' 


9021 


28^2 


0-9239 


20-4 





8848 


35-8 


0' 


9026 


280 





9245 


20-2 


0" 


8852 


35-6 


0' 


9031 


27-8 


0" 


9251 


20-0 





8856 


35-4 


0' 


•9036 


27-6 


0' 


9257 


19-8 





-8860 


35-2 





9041 


27 4 


0- 


9264 


19^6 





•8864 


350 





9047 


27-2 





9271 


19-4 





-8868 


34-8 





9052 


27-0 


0- 


9277 


19-2 





•8872 


34-6 


0' 


'9057 


26-8 


0- 


9283 


19-0 





•8877 


34-4 





■9063 


26-6 


0- 


9289 


18^8 





•8881 


34-2 





'9068 


26-4 





9296 


18-6 





•8885 


340 





•9073 


26-2 





9302 


18-4 





•8889 


33-8 





•9078 


260 





-9308 


18-2 





•8894 


33-6 





•9083 


25-8 





•9314 


18-0 





-8898 


33-4 





•9089 


25-6 





•9321 


17 '8 





•8903 


33-2 





•9094 


254 





•9327 


17'6 





•8907 


330 





•9100 


25^2 





•9333 


17^4 





•8911 


32-8 





•9106 


25-0 





•9340 


17-2 





•8916 


32-6 





•9111 


24-8 





•9347 


17-0 





•8920 


32-4 





•9116 


24-6 





•9353 


16-8 





•8925 


32-2 





•9122 


24-4 





•9360 


16-6 





•8929 


32-0 





•9127 


242 





•9366 


16-4 





•8934 


31-8 





•9133 


240 





•9373 


16-2 





•8938 


31 6 





•9139 


23 8 





•9380 


16-0 





8943 


31-4 





•9145 


23-6 





•9386 


15-8 





•8948 


31-2 





•9150 


23-4 





•9393 


15-6 





'8953 


31-0 





•9156 


23-2 





•9400 


15-4 





•8957 


30-8 





•9162 


23-0 





•9407 


15-2 





8962 


30-6 





-9168 


22-8 





•9414 


15-0 





8967 


30-4 





-9174 


22-6 





•9420 


14^8 





•8971 


30 2 


0" 


-9180 


22-4 





•9427 


14-6 





8976 


30-0 


0- 


9185 


22-2 





-9434 


14-4 


0- 


8981 


29-8 





9191 


22-0 





-9441 


14-2 





8986 


29-6 





-9197 


21-8 





•9449 


14-0 


0' 


8991 


29-4 





9203 


21-6 





-9456 


13-8 


0- 


8996 


29-2 





9209 


21-4 





-9463 


13-6 


0- 


9001 


290 


0' 


9215 


21-2 





9470 


13-4 


0- 


9006 


28-8 


0- 


9221 


21-0 





9477 


13-2 





9011 


28-6 


0- 


9227 


20-8 


0- 


9484 


13-0 


0-9016 


28-4 


0-9233 


20-6 


0- 


9491 


12-0 
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Specifio Gbatitt of Caustic Ammonia — continued. 



IC 


Percentage 


Specific 


Percentage 


Specific 




ty. 


NH3 

1 


Gravity. 


NHs 


Gravity. 


NHs 


dS 


12-6 


0-9654 


8-4 


0-9823 


4-2 


35 


12-4 


0-9662 


8-2 





•9831 


4-0 


12 


12-2 1 


0-9670 


80 





•9839 


3-8 


20 


120 


0-9677 


7-8 





•9847 


3-6 


27 


11-8 


0-9685 


7-6 





•9855 


3-4 


34 


11-6 


9693 


7-4 





•9863 


3-2 


42 


11-4 


0-9701 


7-2 





•9873 


30 


49 


11-2 


0-9709 


7-0 





•9882 


2-8 


56 


11-0 


0-9717 


6-8 





9890 


2-6 


63 


10-8 


0-9725 


6-6 


0' 


9899 


2-4 


71 


10-6 


0-9733 


6-4 


•■ 0' 


9907 


2-2 


78 


10-4 


0-9741 


6-2 


0' 


9915 


2-0 


86 


10-2 


0-9749 


60 


0' 


9924 


1-8 


93 


100 ; 


0-9757 


5-8 


, 0' 


9932 


1-6 


01 


9-8 


0-9765 


5-6 


0' 


9941 


1-4 


08 


9-6 


0-9773 


5-4 


, 0- 


9950 


1-2 


16 


9-4 


0-9781 


5-2 


0' 


9959 


10 


23 


9-2 


0-9790 


5-0 


. 0- 


9967 


0-8 


31 


90 


0-9799 


4-8 


0- 


9975 


0-6 


39 


8-8 


0-9807 


4-6 


1 0- 


9983 


0-4 


17 


8-6 

• 


0-9815 


4-4 


0-9991 


0-2 



:lity of Ammonia in Watsb by Wsioht. 1 Gbammk 
^ATEB DI8S0LYES AT 760 MM. Fbbssxtbe. (^Boscoc and 
Httmar.^ 



itnre 


Grammes 

NH3 
Absorbed. ' 


Temperature 


Grammes 


Temperamre 


Grammes 
NH« 


ide. 


Centigrade. 


J3Z13 
Absorbed. 


Centigrade. 


Absorbed. 




0-875 



20 


0-526 



40 


0-307 




0-833 


22 


0-499 


42 


0-290 




0-792 


24 


0-474 


44 


0-275 




0-751 


26 


0-449 


46 


0-259 




0-713 


28 


0-426 


48 


0-244 




0-679 


30 


0-403 


50 


0-229 




0-645 


32 


0-382 


52 


0-214 




0-612 


34 


0-362 


54 


0-200 




0-582 


36 


0-343 


56 


0-185 




0-554 


38 


0-324 


1 





274 THE QA8 ENGIN£EB*S LABOBATOBY HANDBOOK 
CoNYEBSION OF DkOBEBS OK TBI OkNTIGBADK ThEBMOI 

INTO Deobees of Fabbenbeit's Scale. 



Cent 


Fahr. 


Cent 


Fahr. 


Cent 


Fahr. 


Cent 


u 


3 


o 


o 





o 


o 1 





w 


-50 


-58-0 


-6 


21-2 


38 


100- 


4 1 


82 


179 


-49 


-56-2 


-5 


230 ; 


39 


102- 


2 


83 


181' 


-48 


-54-4 


-4 


24-8 1 


40 


104- 





84 


18a 


-47 ! 


- 52-6 


-3 


2G-6 i 


41 


105- 


8 


85 


185 


-4« 


- 50-8 


-2 


28-4 ' 


42 


107' 


6 


86 


18C 


-45 


-49-0 


- 1 


30-2 


43 


109 


4 


87 


m 


-41 ; 


-47-2 





320 


44 


Ill- 


2 


88 


19 


-43 j 


-45-4 


+ 1 


33-8 


45 


US' 





89 


IS 


-42 


-43G 


2 


350 


46 


114- 


8 


90 


\\ 


-41 


-41-8 


3 


37-4 : 


47 


116 


6 


91 


\ 


- 10 


-400 


4 


39-2 i 


48 


118 


4 


92 


1 


- 30 


-38-2 


5 


41-0 


49 


120 


2 


93 


1 


- 38 


-3(3-4 


(3 


42-8 


50 


122 





94 


( 


-37 


-34G i 


7 


440 


51 


123 


•8 


1 95 




- 3<; 


-32-8 


8 


40-4 


52 


125 


•6 1 


1 96 




- 35 


-300 


9 


48-2 i 


53 


127 


•4 


97 




- 34 


-29-2 


10 


50- «» ; 


54 


129 


2 


98 




- :J3 


-27-4 


11 


51-8 


55 


131 


•0 


99 


1 


- 32 


1 -25-6 


12 


530 


56 


132 


•8 


100 




- 31 


-23-8 


13 


55-4 


57 


134 


•6 i 


1 101 


L 


- :;() 


- 220 


14 


57-2 ' 


58 


136 


•4 1 


1 102 


1 


- 21) 


- 20-2 


15 


59-0 


59 


138 




1 103 


V 


- 2S 


- 18-4 


10 


00-8 ; 


60 


140 


•0 


104 


\ 


-27 


- 10-0 


17 


62-6 


61 


141 


•8 


105 


1 


- 20 


- 14-8 


18 


04-4 


62 


143 


•6 


106 


^ 


- 2.") 


-13-0 


19 


6G-2 


63 


145 


•4 


107 




- 24 


-11-2 


20 


68-0 1 


64 


147 


•2 


108 




- 23 


- 9-4 


21 


09-8 


65 


149 


•0 


109 






- 7-0 


22 


71-0 ' 


66 


150 


•8 


110 




- 21 


- 5-8 


23 


73-4 


67 


52 


•6 


111 




- 20 


— 4-0 


24 


7.r2 


68 


ir)4 


•4 


112 




- 1!» 


- 2-2 


25 


77-0 


69 


156 


•2 


113 




- IS 


- 0-4 


26 


78-8 


70 


158 


•0 


114 




- 17 


+ 1-4 


27 


80-0 


71 


159 


•8 


115 




- 1*> 


3-2 


28 


82-4 


72 


161 


•6 


116 




- 15 


5-0 


29 


84-2 i 


73 


163 


•4 


117 


k 


- 14 


6-8 


30 


86-0 1 


74 


165 


•2 


118 


k 


- 13 


8-6 


31 


87-8 


75 


167 


■0 


119 


1 


- 12 


10-4 


32 


89-6 


76 


168 


•8 


120 


\ 


- 11 


12-2 


33 


91-4 


77 


170 


•6 


121 


1 


- 10 


14-0 


34 


93-2 


78 


172 


'4 


122 


1 


- 1) 


15-8 


35 


95-0 


79 


174 


2 


123 


1 


- 8 


17-6 


30 


95-8 


80 


176- 





124 


1 


- 7 


19'4 


|. 


y ^%-^ \ 


r^ 


\ V\"l 


*% 


V" 





GoKVERBKBi OT Dboreeb. ETC. — eonUmud. 



•■ ! F^. 


Cnl. 


F^r. 


C*... 


fhr. 1 


Oiil. 


K.1... 


258-8 


175 


347-0 


2^4 


43^-2 1 


273 


52S4 


2B0-6 


176 


348 


8 


225 


437-0 


274 


5!(5-2 


202-4 


177 


35U 




226 


438-8 i 


275 


527-0 


264-2 


178 


852 




227 


440-6 


27e 


528-8 


2G(i-0 


179 


854 


2 


228 


442-4 1 


277 


5W-li 


/ 267-8 


180 


356 




229 




278 


SJffl-* 


269-6 


181 


357 




230 


44G0 


279 


531 -a 


271-4 


182 


359 




231 


447-8 


280 


536-0 


273-2 


183 


3til 




232 


449-6 


281 


5S7-8 


275-0 


184 


S63 




233 


451-4 


282 


5:i&-ii 


27S-8 


185 


365 




234 


453-2 


2k:i 


541-4 


378-6 


im 


3«i« 




235 


4A5-0 


284 


54if2 


28U-4 


187 


368 




236 


45C-8 


285 


SI&-" 


S82-2 


188 


870 




237 


454-6 


286 


5)6-8 


2840 


189 


372 




238 


4*»-4 


2(f7 


M8-6 


285-8 


190 


374 




239 


4«,-2-2 


288 


550-4 


287 ■« 


191 


375 




24« 


464-0 


2»W 


55-i-2 


289-4 


.l<)2 


ST. 




24 i 


4C.-1* 


KM 


&M-0 


291-2 


193 


379 




242 


4«7-6 


291 


r>5S-8 


293-0 


IM 


381 




243 


4«»-4 


292 


5S7-6 


2W-8 


195 


383 




244 


471-2 


293 


559-4 


296-6 


IK 


384 




245 


473-0 


2W 


S6I-2 


2984 


197 


386 




246 


474 -8 


295 


W»-ft 


3<>0-2 


198 






247 


476-6 


•ae, 


564-8 


sn-o 


199 


39-1 




248 


478-4 


•an 


5«S'6 


303-8 


2«) 


31>2 




:»ii 


480-2 


298 


56*'4 


305-6 


201 


39a 




2M 


4»«-(i 


299 


570-2 


307-4 


202 


■OA 




iSI 


4>«-8 


am 


972-0 


309-2 


WS 


ST. 




252 


♦HS-S 


301 


57»-» 


311-0 


204 


3&& 




MS 


4«7-4 


*« 


975-6 


312-8 


205 


vn 




2M 


4W-2 


»)8 


577-4 


3l4-«i 


206 


Wl 




2W 


4!f|-i!> 


fC>* 


S7!»-2 


3l«-4 


Wl 


¥H 




2S< 


4»2'» 


3M 


Stl-O 


318-2 


20* 


4M 




257 


4»-« 


WK 


S«t2'fl 


3a«-o 


20> 


vh 




23*f 


(S^-t 


1»fl 


V^-A 


aai-g 


210 


4t* 




23& 


*w-i 


■jffit 


5*-,-t 


a-23-'> 


211 


4tl 




2W) 


Mrti 


mit 


-Vrt-2 


5*25-4 


212 


4ES 




«l 


iSAI-n 


%\u 




5*r7-2 


213 


4LS 




Wt 


aan 


»II 


3ai->i 


^a9-0 


214 


417 




VOi 


UAi 


312 


5m;-6 


^tsrt-n 


Hi 


4W 




VA 


ur.t 


%\% 


soft-* 


^:t2-« 


2I« 


42ft 




V& 


sw-o 


%\t 


S»T-2 


=33i-» 


21T 


422 




VA 


51ft-* 


»1S 


issa-* 


;:33«-2 


«(* 


424 




«7 


5(2'« 


W« 


««>-» 


=33S-ft 


2191 


42« 




M9 


51ft ' 


«l- 


t**i-'. 


^=sa-s 


iai> 


«* 




WO 


XK-4 1 


XIK 


VH-4 


=m-s 


221 


42» 




KO 


M!t'ta 


Wi 


3J3-* / 


232; 


«1 


« 


Kl 


M*-* 


\ Wb 


\ «»■» 


«.-»/ 


2» 


«?''l 


xn 


SM-* 


\ 


J\ 
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Solubility of Sulphtjb in Oabbon Bisulphidb at 15^ C. 

(69° F.). 



Specific 


Per 


Specific 


Per 


Specific 


Per 


1 
Specific 


Per 


Specific 


Par 


Gravity. 


cents. 


Gravity. 


cent 


.8. 


Gravity. 


cent. S. 


Gravity. 


cent 


.8. 


Gravity. 


cmilS. 


1*271 





1-296 


6 





1-321 


12-1 


1-346 


18 


•1 


1-371 


25-e 




272 





2 


1-297 


6- 


3 


1 1 


822 


12-3 




•347 


18 


•4 


1-372 


26-0 




273 





'4 


1-298 


6 


5 




323 


12-6 




•348 


18 


•6 


'1-373 


26-5 




274 





G 


1-299 


6' 


7 




324 


12-8 




•349 


18 


■9 


i 1-374 


26-9 




275 





9 


1-300 


7' 







325 


13-1 




•350 


19 





11-375 


27-4 




276 


1 


2 


i-:hoi 


7 


2 




326 


13-3 




•351 


19 


3 


1-376 


28-1 




277 


1 


4 


1-302 


7 


'5 


1 •*• 


327 


13-5 




'352 


19 


'6 


1-377 


28-5 




278 


1 


'6 


1-303 


7 


•8 


1 

1 1 a 


'328 


13-8 




353 


19 


'9 


1-378 


29-0 




279 


1 


'9 


1-304 


8 


1' 


H29 


14-0 i 1 


•354 


20" 


1 


1-.S79 


29*7 




'280 


2 


1 


1-305 


8 


'2 


1" 


330 


14-2 1 1 


•355 


20 


4 


1-380 


30-2 




281 


2 


'4 


1*306 


8 


•5 


1 1' 


331 


14-5 1 


•356 


20 


6 


1-881 


30-8 




'282 


2 


6 


1-307 


8 


'7 




332 


14-7 1 


'357 


21- 





1-382 


81-4 




'283 


2 


'9 


1-308 


8 


9 




•333 


150 


I 


•358 


21- 


2 


1-383 


81-9 




284 


3 


1 


1-309 


9 


'2 




334 


15-2 1 


'359 


21- 


5 


1-384 


32-6 




•285 


3 


4 


1-310 


9 


•4 




335 


15-4 1 


360 


21- 


8 


1-385 


33-2 




286 


3 


G 


1-311 


9 


•7 




•336 


15-6 1" 


361 


22- 


1 


1-386 


33-8 




•287 


3 


•9 


1-312 


9 


'9 




337 


15-9 1' 


'362 


22- 


3 


1-387 


34-5 




288 


4 


1 


1-313 


10 


2 




'338 


161 


1' 


'363 


22' 


7 


1-388 35-2 




'289 


4 


'4 


1-314 


10 


'4 




339 


16-4 


il' 


364 


23- 





1-389 


36-1 




290 


4 


'6 


1-315 


10 


•6 




340 


16-6 


Ji- 


'365 


23- 


2 


1-890 


36-7 




291 


4 


8 


'1-316 


10 


9 




341 


16-9 


ll 


•366 


23- 


6 


1-391 


37-2 




292 


5" 





1-317 


11 


1 




342 


17-1 "1 


'367 


24- 









293 


5 


•3 


1-318 


11' 


3 




343 


17-4 I'l" 


368 


24- 


3 






294 


5' 


6 


; 1-319 


11 


6 




344 


17-6 1" 


369 


24- 


8 


Saturated. 


1-205 


5-8 


1-320 

1 


11-8 


1-345 

1 


17-9 1-370 


25-1 





Weights and Measubbs. 

The corresponding values of the French and English weights and 
measures are here given. The use of the French or decimal system 
is strongly recommended by its extreme simplicity. The smaller 
denominations are obtained by taking a tenth, hundredth, thousandth, 
&c., of the unit chosen; they are designated by the Latin prefixes 
deci-, centi-, milli-, &c. The higher denominations are 10 times, 100 
times, 1000, &c., times the unit, and are named by the Greek prefixes 
deca-, hecto-, kilo-, &c. Examples of this will be found in the Tables 
given below. 

The starting-point of the French system is the " metre" (= 39*37 
inches) ; this is the " unit of length." The " unit of measure " is the 
''litre/' which is 1 cu\)\c dftcvmftXie. 'YVi^''^ \fli\\»iil^«^^\.^*>s^^ii«^^p3^ 
which is the weight oi 1 cw\Ac cciiWm^\.T^ c»i $sh9}e^^^>«^\&^ ^'^ ^. 
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The chief conveniences ariidng from the use of this system are : — 

1. That all the dififerent denominations can be written as one ; since 
they are either multiples by ten, or are decimal frictioDS, of the unit. 
Thus 6 decagrams, 3 grams, 4 decigrams, 8 milligrams would be 
written 53*408 grams. 

2. That since 1 cubic centimetre of water at 4** C. weighs 1 gram, 
we may obtain the weight of water to be used from the fneasure, by 
simply converting the measure into cubic centimetres; the number 
thus obtained will represent at once the corresponding weight of water 
in grams. Of course this conversion is strictly accurate only when 
the water is measured at 4° G. But for ordinary purposes the error 
introduced, when the water is at the temperature of the air, is too 
small to be of any importance in the preparation of solutions. 

The weights and measures mos*^ frequently used for chemical pur- 
poses are the gram, the millimetre (mm.), the litre, and the cubic 
centimetre (c.c.) which is y^ of a litre. 



English Weights and Measures. 



lb. 
1 



A'pGt'hecarie% Weight. 

oz. drms. scrupIi'S. grains 

12 = 96 = 288 = 5760 

1 = 8 = 24 = 480 

1 = 3 = 60 

1 = 20 



Avoirdupois Weight. 

lb. o« dim". grainn. 

1 = 16 = 256 = 7t'00 
1 = 16 = 437-5 
1 = 27-343 



gallon. 
1 



Imperial Measure, 



pints. 
8 
1 



1 gallon 

1 fluid ounce 



_ 1 

- SIS 



pint 
1 gallon 
1 fluid ounce 



fluid OS. fluid dnns. 

160 = 128«) 

20 = 160 

1 = 8 

70,000 grains of water ut 16''-7 C. 
437-5 

277-280 cubic inches. 
1-733 



»» 



>» 



»» 



Fbenoh Weights and Measures. 



Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre 

Myriometre 



= 0-001 

= 0-01 

0-1 
1-0 
= 10-0 
= 100-0 
= 1000-0 
= 10000-0 
1 inch = 
Ifoot = 



Measures of Length. 

inches. mile. fur. yds. ft inchw. 

= -03937 = -031)37 

= -39371 = -39371 



= 3-93708 = 3' 

= 39-37079 = 3 3' 

= 393-70790 = .. .. 10 2 9' 

= 3937-07900 = .. . . 109 1 1 

= 39370-79000= .. 4 213 4 10' 

= 393707-90000 =6 1 156 6 
-0254 metre = 2*5399 centimetres. 
•3048 „ 



9371 
371 

7 



laq.inch = 6-4514 sq. centimettea. 
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PSROENTAGE BT YoLUME, GOBBESPONDINO TO THE WeIOETT DT 

Grains of NH, peb oubio foot of Gas, at GO'' Fahb. 



AND 


30 IN. Bab 


• 








I'ercenUge 


GraiiM of 


PercenUge 


GniiDS of 


Percentage 


Graimot 


by 


NHaper 


hy 


NHgper 
cubic foot. 


by 


NHsper 


Volume. 


cubic foot. ' 


Volume. 


Volume. 


cubic foot. 


01 


0-315 1 


11 


3-471 


2-1 


6-627 


0-2 


0-631 . 


1-2 


3-787 


2-2 


6-943 


0-3 


0-946 ; 


1-3 


4-102 


2-3 


7-258 


0-4 


1-262 


1-4 


4-418 


2-4 


7-574 


0-5 


1-578 


1-5 


4-734 


2-5 


7-890 


0-6 


1-893 


1*6 


5-049 


2-6 


8-205 


0-7 


2-209 


1-7 


5-365 


2-7 


8-521 


0-8 


2-524 


1-8 


5-680 


2-8 


8-836 


0-9 


2-840 


1-9 


5-996 ' 


2-9 


9-152 


1-0 


3- 156 


2-0 


6-312 

1 


30 


9-468 



Solubility of Gases in Watbb (by Volume) at a pekssubb 

OP 760 MM. = 29-92 in. (Bunsen,) 



1 Vol. of 
NVater 

dissolves 
at°C. 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



Am- 
monia. 



Atmo- 

spberic 

Air. 



,1049 
1020 
993 
967 
941 
917 
895 
873 
852 
832 
812 
794 
776 
759 
743 
727 
711 
696 
682 
668 
654 



•60 
•80 
•30 
-00 
-90 
-90 
•0,0 

•i|o 

•l!0 
-0!0 
-80 
-30 
•60 
•60 
•10 
•2 
•8,0 
•90 
•30 
•0,0 
-0 



Carbon 
Dioxide. 



I 



•024711 
•024061 

• 02345 1 

• 02287 1 
- 02237 1 
-021791 
•021281 
•02080 1 
•020341 
•019921 
•019531 
•019161 
•018821 
•018511 
•018221 
•017951 
•017710 
•01750 
•01732 
•01717 
•017040 

\ 



Carbon 
Mon- 
oxide. 



7967,0 
7207|0 
64810 
57870 
51260 
4497,0 
390l'0 
3339 
28090 
23110 



1847 

1416 

1018|0 

0653 

032110 

0020,0 

97530 

95190 

93180 

9150|0 

%1^0 



Hydro- 
gen. 



03287 
032070 
031310 
03057 
029870 
029200 
028570 
027960 
027390 
02686'0 
026350 
02588;0 
02544,0 
025040 
02466 
02432!0 
02402 
023740 
02350:0 
02329,0 



Nitrogen. 



0193 
01930 
01930 
01930 
01930 
0193,0 
0193,0 
0193i0 
01930 
01930 
01930 
01930 
01930 
01930 
0193|0 
01930 
01930 
01930 
0193;0 
01930 



Oxygen. 



r \ \ 



02035 
01981j0 
019320 
018840 
01838 
01794,0 
017520 
0171310 
01675 
01640 
01607i0 
015770 
01549 
01523'0 
015000 
014780 
014580 
014410 
01426 
014230 



Sulphn* 
retted 
Hydro- 
gen. 



04114 4-3706 



04007 
03907 
03810 
03717 
03628 



4-2874 
4-2053 
4-1243 
4-0442 
3-9652 



03554|3-8872 

03465.3- 8103 

033893-7345 

03317,3-6596 

032503-5858 

03189 3-5132 

031333-4415 

030823-3708 

030343-3012 

029893-2326 

02949 3-1651 

02914 3-0986 

028843-0331 

02858!2-9687 

<5ftSaft^-9Q53 



APPENDIX. 
YoLDm AMD DiKSITT Ot WaTIB AT DIFFBKKHT 



Temo ^ 


T. DfW»UT Volm 


iMofWUer Sp. 


. ^, 


ni( of WUH 


Temp. (. 


io= = l). C. 


cfi=n (. 


'"-ij T 




1 


OOOOOO 1 


noooOO 


999871 1 


000129 


1 1 


00D057 


999943 


999928 1 


000072 


2 1 


000098 


999902 


999969 1 


000031 




000120 


9H9880 


999991 1 


000009 


4 1 


000129 


999871 1 


OOOOOO 1 


OOOOOO 


5 1 


000119 


999881 


999990 1 


000010 


(J 1 


000099 


999901 


999970 1 


000030 


7 1 


00U062 


999938 


999933 1 


000067 


S 1 


000015 


999985 


999886 1 


000114 


9 


99995!! 1 


0000*7 


999824 1 


000176 


10 


9998T6 1 


000124 


999747 1 


000253 


11 


999781 1 


000216 


999655 1 


000345 


12 


99flb78 1 


000322 


999549 1 


000451 


13 


990559 1 


000141 


999430 1 


000570 


H 


990i29 1 


000572 


999299 1 


000701 


IS 


999289 1 


000712 


999160 1 


000841 


IS 


099131 1 


000870 


999002 1 


000999 


17 


998B70 1 


001IJ31 


998841 1 


001160 


18 


998782 1 


001219 


9986S4 1 


001348 


19 


998588 1 


001413 


998460 1 


001542 


20 




0016IS 


998259 1 


001744 


21 


998176 1 


001828 


998047 1 


001957 


22 


997953 1 


002049 


997826 1 


002177 


23 


997730 1 


002276 


997601 1 


002405 


24 


997495 1 


002511 


997367 1 


002641 


2S 


997^49 1 


002759 


997120 1 


002888 


86 


996994 1 


003014 




003144 


27 




003278 


996603 1 


003408 


28 


996460 1 


003553 


996331 1 


003682 


29 


996179 1 


003835 


998051 I 


003965 


80 


995894 1 


004123 


995765 1 


004253 


85 


99431 1 


00572 


99418 1 


00586 


40 


99248 1 


00757 


99235 1 


00770 


50 


98833 1 


01181 


98820 1 


01195 


60 


98351 1 


01677 




01691 


70 


97807 1 


02243 


97794 1 


02258 


80 


97206 1 


02874 


97194 1 


02887 


90 


96568 1 


03554 


96,'>56 1 


03567 


100 


95878 1 


04300 


95865 1 


04312 
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Grains of Sulphub (oobbeoted) in 100 ousio feet of Gas, 

OALOULATED FROM BaRIUM SuLPBATE OBTAINED BT GaS 

Befereks' Method. (Sugg,) 





Tabular Numbeb. 


J 


1060 


1040 


1020 


1000 


980 


060 


940 


920 ^ 


Grainft o 
Barium Sulp 






1 1 
Arrouthoheteb Numbbb. 






948 


968 


980 


1000 


1080 


1048 


1064 


1087 


1 


2-59 


2-64 


2-70 


2 


•75 


2-81 


2-86 


2-93 


2-99 


•2 


3 


11 


3 


•17 


8 


•24 


3 


•30 


8 


•87 


8 


•44 


3-51 


3-59 


•4 


3 


•03 


3 


•70 


» 


•77 


3 


•85 


3 


•93 


4 


•01 


410 


4'IS 


•0 


4 


•15 


4 


•23 


4 


•31 


4 


•40 


4 


•49 


4 


•58 


4-68 


4^78 


•8 


4 


•67 


4 


•76 


4 


•85 


4 


■95 


5 


•05 


5 


•16 


5-27 


5 38 


2 


5 


•19 


5 


•29 





•39 


5 


•50 


5 


•61 


5 


•73 


5-85 


5-98 


•2 


5 


•71 


5 


•82 


5 


•93 


6 


•05 


6 


•17 


6 


•30 


6*44 


6-58 


•4 


6 


•23 


6 


■35 


6 


•47 


6 


•60 


6 


•73 


6 


•88 


7-02 


7-17 


•6 


6 


•74 


6 


•87 


7 


•(•1 


7 


•15 


7 


•30 


7 


•45 


7-61 


I'll 


•8 


7 


•26 


7 


•40 


7 


•55 


7 


•70 


7 


•86 


8 


•02 


8-19 


8^37 


:i 


7 


•78 


7 


•93 


8 


•09 


8 


•25 


8 


■42 


8 


•59 


8-78 


8-97 


•2 


8 


•HO 


8 


•46 


8 


•63 


8 


■80 


8 


■98 


9 


•16 


9.36 


9-r)7 


•4 


8 


•81 


8 


•98 


9 


•17 


9 


•35 


9 


•54 


9 


•73 


9-95 


io-i»; 


•G 


i) 


•33 


9 


•51 


9 


•71 


9 


•90 


10 


•10 


10 


•30 


10-53 


10-76 


•8 


i> 


•85 


10 


•04 


10 


•24 


10 


•45 


10 


•66 


10 


•88 


1112 


11-36 


4 


10 


•38 


10 


•58 


10 


•78 


11 


•00 


11 


•22 


11 


•46 


11-70 


ll-9ri 


•2 


10 


•90 


11 


•11 


11 


•32 


11 


•55 


11 


•78 


12 


•03 


12-28 


12-50 


•4 


11 


•41 


11 


•63 


11 


•86 


12 


•10 


12 


•31 


12 


•60 


12-87 


13-16 


•t) 


11 


•93 


12 


•16 


12 


•40 


12 


•65 


12 


•90 


13 


17 


13-45 


13-75 


•8 


12 


•45 


12 


•69 


12 


•94 


13 


•20 


13 


•46 


13 


74 


14-04 


14-35 


5 


12 


•97 


13 


•22 


13 


•48 


13 


'75 


14 


•03 


14 


32 


14-63 


14-95 


•2 


13 


•49 


13 


•74 


14 


•02 


14 


•30 


14 


•59 


14' 


89 


15-21 


15-54 


•4 


14 


•00 


14 


•27 


14 


•56 


14 


•85 


15 


•15 


15 


46 


15-80 


16-14 


•6 


14 


•52 


14 


•80 


15 


•10 


15 


•40 


15 


•71 


16' 


03 


16-38 


16-74 


•8 


15 


•04 


15 


•33 


15 


•64 


15 


•95 


16 


27 


16' 


60 


16-97 


17-33 


6 


15 


•56 


15 


•86 


16 


•18 


16 


•50 


16 


84 


17' 


18 


17-55 


17-93 


•2 


It; 


•07 


16 


•38 


16 


•72 


17 


05 


17 


40 


17 


76 


18-14 


18-53 


•4 


16 


•59 


16 


•91 


17 


•25 


17 


•60 


17' 


97 


18 


33 


18-72 


19-12 


•6 


17 


•11 


17 


•44 


17 


'79 


18' 


15 


18 


■53 


18 


90 


19-31 


19-72 


•8 


17 


•63 


17 


97 


18 


33 


18- 


70 


19' 


09 


19' 


47 


19-89 


20-32 


7 


18 


16 


18 


51 


18 


87 


19' 


25 


19' 


64 


20- 


05 


20-48 


20-92 


•2 


18- 


67 


19- 


04 


19' 


41 


19- 


80 


20' 


20 


20' 


62 


21-06 


21-52 


•4 


19- 


19 


19- 


57 


19' 


95 


20- 


35 i 


20- 


76 


21- 


19 


21-65 


22-12 


•6 


19' 


71 


20' 


10 


20' 


49 


20 • 


90 


21- 


32 


21^ 


77 


22-23 


22-72 


•8 


20- 


23 


20 •(;3 


21- 


03 


2r 


45 , 


21^ 


88 


22- 


34 


22-82 


23-31 


/ 


I 




1 


\ 


\ 


\ 


\ 


V 



APraWDIX. 

GkAINS or SVLFRUB, ETC.- 









TillCLAB JfCMBEB. 






1 

ol. 


1060 1 1040 1 lOSO 


1000 880 1 WO 1 940 


eao ^ 


11 


AEBORrUOMBTKR NrHBEB. 




"i 


943 


MS 


sao 


1000 


1020 

22-45 


1042 


1064 


t08T 


8 


20'75 


21-15 


21-57 


22-00 


22-91 


23-40 


23-91 


■2 


21-27 


21'6B 


22-11 


22-55 


23-01 


23-49 


23-9!f 


24-51 


■4 


21-79 


22-21 


22-85 


23-10 


23-67 


24-06 


24-57 


25-U 


•6 


22-31 


22-74 


23-19 


23-65 


24-13 


24-63 


25-16 


25-71 


■8 


22-83 


23-27 


23-72 


24-20 


24-69 


25-20 


25-74 


26-30 


9 


23-35 


28-80 


24-28 


24-75 


25-25 


25-78 


26-33 


26-90 


■2 


23-87 


24-33 


24-80 


25-30 


25-82 


26-35 


26-91 


27-50 




24-38 


24-85 


25-34 


25-85 


26-37 


28-92 


27-50 


28-10 


■6 


24-90 


25-38 


25-88 


26-40 


26-W 


27-50 


28-08 


28-70 


■8 


25-42 


25-91 


26-42 


26-95 


27-50 


28-07 


28-67 


29-29 


10 


25-94 


2a -44 


26'9rt 


27-50 


28-06 


28-64 


29-25 


29-89 


■2 


26-46 


28-97 


27-50 


28-05 


28-62 


29-21 


29-84 


30-49 


■4 


28-98 


27-50 


28-04 


28-60 


29-18 


29-79 


30-42 


31-09 


■6 


27-50 


28-03 


28-68 


29-15 


29-74 


30-36 


31-01 


31-68 


■8 


28-02 


28 -6U 


29-12 


29-70 


30-30 


30-03 


31-59 


32-28 


11 


28-53 


29-08 


29-68 


30-25 


30-87 


31-50 


B2-18 


32-88 


■2 


29-05 


29-61 


30-19 


30-80 


31-43 


32-08 


32-78 


33-48 


■4 


29-57 


30-14 


39-73 


31-35 


31-99 


32-65 


33-35 


3408 


■6 


30-09 30-67 


31-27 


31-90 


32-55 


33-22 


33-98 


34-67 


■8 


HO -61 


31-20 


31-81 


32-45 


33-11 


33-80 


34-52 


35-27 


12 


SI -13 


31-73 


32-35 


33-00 


33-67 


34-37 


35-10 


35'B7 


■2 


31-ti5 


32-26 


32-89 


33-55 


34-23 


M-M 


35-69 


30-47 


■4 


32-17 


32-79 


33-43 


34-10 


34-79 


35-52 


30-27 


37-07 


■6 


32-69 


S3 32 


33-97 


34-65 


35-35 


36-09 


36-86 


37-66 


■8 


33'20 


33-85 


34-51 


35-20 


35-91 


36-66 


37-44 


38-26 


13 


33-72 


34-37 


35-05 


35-75 


36-48 


37- 23 


38-03 


:i8-B6 


-2 


34-24 


:i4-90 


35-59 


36-30 


37-04 


37-81 


38-61 


39-46 




34-76 


35-43 


38-13 


36-85 


37-60 


38-38 


89-20 


40-08 


■8 


35-28 


33-96 


36-66 


37-40 


38-16 


88-95 


39-78 


40-65 


■8 


35-80 


3^1-49 


37-20 


37-95 


38-72 


39-53 


40-37 


41-25 


14 




3702 


37-74 


88-50 


39-28 


40-10 


40-95 


41-85 


■2 


3tf-81 


97-55 


38-28 


39-05 


39-84 


40-67 


41-54 


42-45 


-4 


37-35 


38-07 


38-82 


39-60 


40-40 


41-25 42-12 


4305 


■6 


87-87 


38-60 


39-36 


40-15 


40-96 


41-82 : 4-^-71 


43-64 


■8 


38-39 


.19-13 


39-90 


40-70 


41-52 


42-39 1 43-29 


44-24 


15 


3891 


39-6e 


40-44 


41-25 


42-09 


42-90 1 43-88 


44-84 
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Tension of Aqueous Vapoub in inches of Mbboury fbom 

V TO 100° F. 



TenipcrAtare In 
Falnx-nheit. ^1 


ches of 
ercury. 


Temperature Inches of 
Fahrenheit. Menniry. 


Temperature 
Fahrenheit. 


Inches of 
Mercurj-. 


o 
1 


04G 


1 

o 
36 


•212 


o 
71 


•759 


2 ; • 


048 


37 


•220 


72 


1 -785 


» ; ' 


050 


38 


•229 


73 


i -812 


4 


052 


39 


•238 


! 74 


! -840 


5 


•054 


: 40 


•247 


75 


•868 


(> 


•057 


i 41 


•257 


76 


! -897 


7 


•OGO 


42 


•267 


77 


•927 


^< 1 


•0G2 


43 


277 


78 


1 -©58 


9 


•0G5 


i 44 : ' 


•288 


79 


1 -990 


lu 


•0G8 


i ^5 . 


•299 


80 


1^023 


11 


•071 


: 46 " 


•311 


81 


1-057 


12 


•074 


47 


•323 


82 


1-092 


13 


•078 


1 48 1 ■ 


•335 


83 


1-128 


14 


•082 


49 


•348 


84 


1-165 


15 


•086 


50 


361 


85 


1 1-203 


IG 


•090 


51 


374 


86 


1-242 


17 


•094 


j 52 


•388 


87 


1-282 


18 


•098 


1 53 


•403 


88 


1-323 


19 


•103 


; ^"^ 


'418 


89 


1-366 


20 


•108 


! 55 


•433 


90 


1-401 


21 


•113 


I 56 


449 


91 


1-455 


22 


•118 


: 57 


465 


92 


1-501 


23 


123 


i 58 


482 


93 


1-548 


24 


•129 


59 


500 


94 


1-596 


25 


135 


, GO 


518 1 


95 


1-646 


26 


•141 


■ 61 


537 \ 


96 


1-697 


27 


■147 


62 


556 1 


97 


1-751 


28 


•153 


i 63 


576 


98 


1-806 


29 


■160 


64 


596 


99 


1-862 


30 


•167 


1 65 


617 


100 


1-918 


31 


174 


GQ 


639 






32 


181 


67 


661 






33 


188 


1 68 


685 






34 


196 


69 


708 






35 


204 


70 


733 







rxttaios or Aqueous Vapoitb fob bach Tkhtb or a Dieui 
CsNTiQBADB »BOK 0° TO 30° C. {BegwmU.) 



t™p. c. 


Mereocy. 


Temp.C, 


In mm. at 


Ttmp. C. 


M^^r?- 


Tmp.C 


,:^^z 


0- 

1 




1 

2 
3 

4 
5 
« 

8 




1 
2 
3 

i 
5 
6 
7 
8 
9 



i 
3 
i 
5 

7 
8 

a 


5 
5 
5 
5 
5 

a 

5 

5 

5 
5 
5 
5 
5 
5 
5 


6 

; 

7 
7 
8 
8 
8 
B 
9 

9 



1 

2 
2 
2 
3 

3 
3 
4 

J 

5 
5 
6 

li 


3 

5 




1 
2 
3 
4 
S 
6 
7 
8 
9 

D 

2 
3 

5 
6 

7 
8 
9 



2 
3 
i 
5 

B 

7 
S 
9 


5 

a 

5 
S 

s 

6 
5 

6 
S 
S 

6 
6 

e 

6 

e 

6 

6 
6 

e 

6 
6 
6 
6 
6 
6 
6 
7 


7 
7 
8 
8 
8 
9 

I 



1 
1 
2 
2 
3 
3 
4 
4 
4 

' 

5 

a 

7 
7 
8 
8 
9 
9 



6 
7 
8 


U 
1 
2 
3 

5 

7 
8 
9 

S 
1 
i 
3 

5 

S 

S 

u 
I 

2 

s 

5 
S 
7 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 






1 
1 

2 

2 
3 
3 
4 

4 

S 
5 
6 

7 
g 
8 
9 





2 
2 
3 
3 
4 
5 
5 




10 

1 




2 
3 

4 

d 

e 

7 
3 

{) 

2 
3 
i 

> 

7 

■0 

■2 
■3 

■5 
■« 

■9 


8 
8 
8 
8 
S 
8 
8 
9 
9 
9 

9 
9 
9 

If 
9 
9 
9 

9 
9 
9 
10 
10 
10 
10 
10 
10 
10 


6 

7 
7 
8 
9 
9 



2 

i: 
a 

9 
9 


2 

3 
3 
i 



288 THE GAS engineer's laboeatory handbook. 



Tension of Aqueous YAVOTm—continued. 





Tendoa 




Tendon 




Tension 




Tension 


Teinp.C. 


in mm. of 


Temp.C. 


in mm. of 


Temp. C. 


In mm. of 


Temp. C. 


in mm. of 




Mercury. 




Mervmj. 




Mercury. 




Mercury. 


12-0 


10-5 


150 


12-7 


18-0 


15-4 


21-0 


18-5 


•1 


10-5 


•1 


12-8 


•1 


15-5 


•1 


18-6 


•2 


10-6 


•2 


12-9 


•2 


15-6 


•2 


18-7 


•8 


10-7 


•3 


12-9 


•3 


15-7 


•3 


18-8 


•4 


10-7 


•4 


13-0 


•4 


15-7 


•4 


19-0 


•5 


10-8 


•5 


131 


•5 


15-8 


•5 


19-1 


•6 


10-9 


•6 


13-2 


•6 


15-9 


•6 


19-2 


•7 


10-9 


•7 


13-3 


•7 


16-0 


•7 


19-3 


•8 


11-0 


•8 


13-4 


•8 


16-1 


•8 


19-4 


•9 


11-1 


•9 


13-5 i 

1 


•9 


16-2 


•9 


19-5 


13-0 


11-2 


16-0 


13-5 


19-0 


16-3 


22-0 


19-7 




•1 


11-2 


•1 


13-6 


•1 


16-4 


•1 


19-8 




•2 


11-3 


•2 


13-7 


•2 


16-6 


•2 


19-9 




■3 


11-4 


•3 


13-8 


•3 


10-7 


•3 


20-0 




•4 


11-5 


•4 


13-9 


•4 


lG-8 


•4 


20-1 




•5 


11-5 


•5 


14-0 


•5 


16-9 


•5 


20-3 




•G 


ll-(3 


•6 


14-1 


•6 


17-0 


•6 


20-4 




•7 


11-7 


•7 


14-2 


•7 


17-1 


•7 


20-5 




•8 


11-8 


•8 


14-2 


•8 


17-2 


•8 


20-6 


•i) 


11-8 


•9 


14-3 


•9 


17-3 


•9 


20-8 


140 


11-9 


17-0 


14-4 


20-0 


17-4 


23-0 


20-9 




1 


12-0 


•1 


14-5 


•1 


17-5 


•1 


21-0 




2 


12-1 


•2 


14-6 


•2 


17-6 


•2 


21-1 




3 


12-1 


•3 


14-7 


•3 


17-7 


•3 


21-3 




4 


12-2 


•4 


14-8 


•4 


17-8 


•4 


21-4 




5 


12-3 


•5 


14-9 


•5 


17-9 


•5 


21-5 




G 


12-4 


•6 


15-0 


•6 


18-0 


•6 


21-7 




7 


12-5 


•7 


15-1 


•7 


18-2 


•7 


21-8 




8 


12-5 


•8 


15-2 


•8 


18-3 


•8 


21-9 


•9 


12-6 


•9 


15-3 


•9 


18-4 


•9 


22-1 
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Tension of Aqueous Yafoub, Etc.— eonetntieel. 





Tension 




Tension 




Tension 


T\anp. C. 


in mm. of 


Temp. C. 


in mm. of 


Temp.C. 


in mm. of 




Mercmy. 




Mercury. 




Mercury. 


24-0 


22-2 


26-0 


25-0 


28-0 


28- 1 


•1 


22-3 


•1 


251 


•1 


28-3 


•2 


22-5 


•2 


25-3 


•2 


28-4 


•3 


22-6 


•3 


25-4 


•3 


28-6 


-4 


22-7 


•4 


25-6 


•4 


28-8 


•5 


22-9 


•5 


25-7 


•5 


28-9 


•6 


230 


•6 


25-9 


•6 


291 


•7 


23-1 


•7 


26-0 


•7 


29-3 


•8 


23-3 


•8 


26-2 


•8 


29-4 


•9 


23-4 


•9 


26-4 


•9 


29-6 


25-0 


23-5 


27-0 


26-5 


29-0 


29-8 


•1 


23-7 


•1 


26-7 


•1 


300 


•2 


23-8 


•2 


26-8 


•2 


30-1 


•3 


24-0 


•3 


27-0 


•3 


30-3 


•4 


24-1 


•4 


27-1 


•4 


30-5 


-5 


24-3 


•5 


27-3 


•5 


30-7 


•6 


24-4 


•6 


27-5 


•6 


30-8 


•7 


24-6 


•7 


27-6 


•7 


• 310 


•8 


24-7 


•8 


27-8 


•8 


31-2 


•9 


24-8 


•9 


27-9 


•9 


31-4 
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SPEomo Obayitt of Yabiovs Gabss. 



Nameof G«8. 



Hydrogen, H, 

Marsh gas, CH4 

Ammonia, NH, 

Carbonic oxido, GO 
Olefiant gas, CjHf .. .. 

Nitrogen, N. 

Air 

Oxygen, O, 

Sulphuretted hydrogen, SH, 
Garoonic acid, GO, 
Water vapour, HjO 
Bisulphiae of carbofa, GS, . . 



Molecalar 
Weight. 



2 
16 
17 

28 
28 
28 

• • 

82 
34 
44 
18 
76 



Experimental 

Specific 

Gravity. 

Air=l. 



0-06926 

0-558 

0-597 

0-9678 

0-971 

0-97137 

000 

10563 

•1912 

529 
0-615 
2-640 



1 
1 
1 
1 



Weight of 
1 cubic foot 
in Kralos at 
60° F. and 
30-0° Bar. 



37-15 
297-20 
315-77 
520 10 
520 
520 
535 
594 
631 
817 
334 
1411 



10 
10 
96 
40 
54 
30 
35 
70 



Nut 

cub 

equ 

1 



m 

23 
22 
13 
13 
13 
13 
11 
11 

8 
20 

4 



In order to obtain the weight of a cubic foot of any gas whose mde 
formula is known, calculate the molecular weight, and multiply the w 
of 1 cubic foot of hydrogen (37*15 grains) by half the molecular w 
of the gas ; this will give the weight in grains of 1 cubic foot of the 

For example, the molecular weight of marsh gas = 16, divide tli 
2 = 8, which multiplied by 37*15 = 297*20 grains, as in ttie table. 

When it is not requisite to be strictly accurate, a cubic foot of hydi 
may be taken as weigliing 37 grains ; this is a number easily rememl 
and by means of the same the weights of different gases are < 
calculated. 

The same rules also apply to the metric system of weight! 
measures, the standard in this case being the weight of a Ut 
hydrogen at 0° C. and 760 ram. ; this weighs * 08958 gram. 



APPEKDIX. 291 

I0T8 OF THI DlSTKOOnVK DiBTILLATIOH Of OOAL. (3fiUt.) 



Huh. 


ForaiqlB. 


Brfllng Point. 


Mdllng Poinl. 






= C. 


"C- 




H. 
















C,H„ 


6R 








119 






.S;rT« 








*ooc?) 








- 102-6 






o;h 








OH 


-5 






0.K,'. 


31 




ean 




71 








97 






C,H, 






'yieM 


ch; 


25 






c,u„ 










145 




Iiene 




81 




IIUBM 


cIhIb 


113 














C.H. 


HO 








97 








HI 




ijlene 




143 








137 




Tlena 


oIh',; 


137 




JB 










oa 








c'.a,. 


166 








171 














c„n.. 


242 


- 18 


^alin hydride 


i^"S:h 




210 


JiolB,a,fl .. .. 


279, 288 


M. 33 




C„H„ 


254 


70 
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Weight of 1000 Citbio Fekt of Oas of Diffbbbnt Speoifio 
OBAYirncs AT 60° Fahb., and 80 Inohss Bab. 
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PACK 

GkiB analysis, Bante's apparatus 244 
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„ specific gravity of various 290 
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obtained by Gas Referees* method 284 

Gravimetric analysis, definition of 1 

„ determinations, simple 40 
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Hydrogen, determination of, in coal gas 242 
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„ „ apart from the filter 36 
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„ flasks 72 
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Moisture in coal, determination of 113 
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„ determination of, in organic analysis 122 
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„ solutions . 81 
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„ determination of, in furnace gases 247 

heats of combustion with 295 

properties of 227 
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PALLADim, combustion of hydrogen with 231 
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Pipettes 74 
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„ filtration of 23 

„ ignition of 33 
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„ washing of 23 
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„ „ precipitation 42 
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Sampling, remarks on 14 
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Sifting solids, method of 16 

Silica, estimation of, in silicates 57 
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„ various salts 264 
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„ if „ table of the 290 
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,, „ solids and liquids 294 
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„ „ storage of 83 

Starch solution, preparation of .111 

Storage of standard solutions 83 

Sublimation of arsenic 43 

„ iodine 43 

Sulphate of ammonia, analysis of , . 175 

Sulphates, estimation of 43 

Sulphur, determination of, in gas, by Referees' method .139 

„ estimation of, in spent oxide 189 

„ „ in gas, by Harcourt's apparatus . . . 155 

„ solubility of, in CS, . 276 

Sulphuretted hydrogen in ammoniacal liquor, estimation of 169, 170, 173 
„ „ „ crude gas, estimation of . 125, 137 

Sulphuric acid, gravimetric estimation of 43 

„ „ preparation of normal solution of . . . .90 
„ „ „ „ standard solution of, for estimation of 

NH, in crude gas .... 154 
„ „ „ „ standard solution of, for estimation of 

NH, in purified gas. . . . 140 
„ „ „ „ standard solution of, for estimation of 

strength of ammoniacal liquor. . 163 
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„ „ speoiflo gravity and streDgth of aqaeons aolntioxui of 270 

Tab, aaaay of ooal 200 

Temperature of gas, correetion for 214 

„ „ steam at high preBsores 283 

Tension of aqueous vapour 286,287,288,289 

Thermometrio scales, oonversion of . ...» • 274, 275 
Thiosulphates, estimation of, in ammoniaoal liquor . . . .174 
Twaddell's hydrometer, oomparison of, with speoiflo gravity . . 282 

„ „ method of determining Hie value of am- 
moniaoal liquor by 161 

U TUBS, filling of 61 

„ stoppered 126 

Useful memoranda 279 

Vapoub, aqueous, tension of 286,287,288,289 

Volatile matter in coal, determination of 114 

Volumetric analysis, definition of 1 

„ „ principles of 68 

„ „ example of 68 

Wash bottle 27 

Washing precipitates 27 

Water aspirator 63 

„ bath 20 

M expansion of 281 

„ oven 17 

„ vapour, tension of 286, 287, 288, 289 

Weighing, operation of 9 

„ rules for 10 

Weight of 1000 cubic feet of gas of different specific gravities . . 296 

Weights, atomic, table of 262 

Weights and measures, English 277 

„ „ French • . . 278 

„ description of 5 

„ method of testing 9 

Weldon Mud, method of determining MnO, in . . .103 
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Vsed for the last three yeara by all the principal 

London Gas Companies, and since adopted by 

zmmerous Suburban and Provincial Companiee and 

Corporations. 

THE CARBURETTOR 
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